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ABSTRACT 
Biofeedback: A Possible 
Substitute For Smoking 
by 
Earl Eugene Griffith, fuctor of Philosophy 
Utah State University, 1981 
Major Professor: Edward Crossman, Ph.D. 
Department: Psychology 
viii 
Numerous agencies have accumulated evidence since 1964 which 
implicates habitual cigarette smoking as a causal or facilitating factor 
in the development of many circulatory and respiratory diseases. 
This study sought to identify those psychological variables which 
possibly contribute to the maintenance of cigarette smoking and there-
fore, had two main purposes. First, this study investigated the 
individual and simultaneous physiological changes, i.e., 
Electroencephalography, Electromyography, Heart Rate, Blood Pressure 
and Skin Temperature that occurred during and immediately after the 
srroking of one cigarette. Second, the study investigated the hypothesis 
that snDking frequency would decrease when individuals were trained 
via biofeedback procedures to increase 8-12 Hz occipital EEG activity 
as a substitute for smoking. 
lX 
Three rrale, very heavy smokers (35 or more cigarettes per day ) 
and three rrale moderate smokers (15-24 cigarettes per day) physiolo-
gies were monitored while smoking, non-smoking and while they were 
provided with 8-12 Hz occipital EEG biofeedback training using a 
multiple baseline design. Results of the study indicate that of the 
six smokers physiologically monitored, four or more of the srrokers 
demonstrated the following physiological changes while actually smoking 
one cigarette: the percent of time producing 4-8 cycles per second 
bra .in waves increased (S2 ,S3 ,S5); heart rate (beats per minute) 
increased (Sl,S2,S3,S4,S5,S6); and the percent of time producing 8-12 
cycles per second (Hz) brain waves decreased (Sl,S2,S3,S4,S5,S6). 
Immediately after the smoking of one cigarette, four or more of 
the srrokers demonstrated an increase in their rates (Sl,S2,S3,S4,S5, 
S6) and subjects 1,4,5 and 6 demonstrated an over-the-entire-session 
decrease in their skin temperatures . There did not appear to be any 
specific consistent brain wave changes across the subjects. However, 
the following subject-specific brain wave changes were evident: 
Subject 1 data indicates an increase in Alpha brain waves (8-12 Hz), 
a decrease in Theta brain waves (4-8 Hz), and a decrease in Beta 
brain waves (12-20 Hz). Subject 2 data indicates a decrease in Alpha 
brain waves, an increase in Theta brain waves, and a decrease in Beta 
waves. Subject 3 data indicates an Alpha wave decrease, Theta wave 
increase, and Beta wave increase. Subject 4 data indicates an Alpha 
wave decrease, Theta wave increase, and no observable change in Beta 
activity. Subject 5 data indicates an Alpha increase, a Theta 
decrease, and no observable change in Beta activity. Subject 6 data 
indicates an Alpha decrease, a non-observable change in Theta 
production and an increase in Beta activity, 
X 
During the training period, when the sookers were given music 
feedback whenever they produced 8-12 Hz, four of the six smokers 
learned to increase the percent of time producing 8-12 Hz, (Sl,S2,S5, 
S6). Two of these four smokers were able to continue producing high 
levels of 8-12 Hz activity without the use of biofeedback equipment 
(Sl,S2). These smokers had quit smoking completely at the end of a 
six-oonth follow-up period. These two srrokers were contacted by phone 
at the eight-month follow-up period and reported they were still abse.nt 
from any cigarette smoking. The four srrokers who could not increase 
their 8-12 Hz activity without the use of 8-12 Hz auditory feedback 
(Phase D) decreased their frequenc y of cigarette smoking at the six-
month follow-up period as follows: Subject 3, from 38 to 15 cigarettes 
srroked per day; Subject 4, from 50 to 44 cigarettes smoker per day; 
Subject 5, from 18 to 8 cigarettes smoked per day; and Subject 6, from 
17 to 10 cigarettes smoked per day. 
Poss ible reasons why Subjects 1 and 2 quit smoking are discussed 
and directions for future research are presented. 
(190 pages) 
INTRODUCTION 
Experimental and epidemiological evidence accumulated since 
1964 by such agencies as the hnerican Medical Association, the 
hnerican Cancer Society, the hnerican Heart Association, the 
National Tuben:::ulosis and Respiratory Disease Association, the 
Arrerican College of Chest Physicians, the hnerican Dental Association, 
and the hnerican Public Health Association clearly implicates habitual 
cigarette smoking as a casual or facilitating factor in the develop-
ment of lung and bladder cancer, coronary heart disease, cardio-
vascular diseases, emphysema and chronic bronchitis (U.S. Departrrent 
of Health Services, 1971-1975). The health agencies have succeeded 
in making this infonnation available to the public (Gallup, 1974). 
However, the effects of this inforrration upon actual cigarette use 
have been min.irrB.l (Auger, Write & Simpson, 1972; O'Keefe, 1971). 
One of the appa:rent problems is that although sorre individuals have 
succeeded in discontinuing smoking, the ITB.jority of the smokers wishing 
to quit have been unsuccessful (Guilford, 1966). 
Recent reviews of the psychological treatment of smoking 
(Bernstein, 1969; Hunt & Bespeloc, 1974; Hunt & Matarazzo, 1973; 
Kentzer, Lichtenstein & Mees, 1968; Lichtenstein & Kentzer, 1971; 
McFall & Hammer, 1971) indicate that numerous treatment techniques 
produce similar short-tenn (3 months or less) reductions in smoking 
rate, but that no apparent long-tenn reductions have been demonstrated 
(Hunt & Bespeloc, 1974; Hunt & Matarazzo, 1973). 
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In addition to the lack of treatment techniques derronstrating 
any long-term reductions in cigarette smoking frequency, there also 
appears to be some controversy among investigators as to the specific 
effects smoking has on the EEG of hwnans. One group of researchers 
(Brown, 1974; Itil, Ulett, Hsu, Klingenberg & Utlett, 1971; Phillips, 
1971) suggest that srroking acts as a depressant and slows down brain 
wave activity, while another group of researchers (Murphree, Pfeifer, 
& Price, 1967; Ulett & Itil, 1969; Hauser, Schwartz, Roth & Bickford, 
1958) suggest that smoking acts as a stimulant and speeds up the 
brain wave activity. 
Biofeedback training, a new and promising technique for estab-
lishing voluntary control over ITB.DY physiological processes, has been 
effective in demonstrating that by changing some physiolo gica l 
processes one can produce a change in some overt behavior, e.g., 
electromyographic (EMG) feedback training resulted in decreases in 
the frequency of tension headaches (Budzynski, 1973; Budzynski, Stoyva, 
Adler, & Mulloney, 1973); electroencepholographic (EEG) feedback 
training of the sensorimotor rhythm led to a decrease in the frequency 
of epileptic seizures (Lubar & Bahler, 1976). However, currently 
there are only three studies (Havelick, 1977; Kothare, 1975; Turin & 
Nideffer, 1974) which have tried to eliminate smoking behaviors through 
the use of biofeedback procedures. 
Brown (1974) noted that individuals who have developed a habit 
of smoking cigarettes consistently demonstrate an .increased 
frequency of 8-12 Hz activity as compared to non-smokers. In 
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conjunction with Brown's findings, the author's pilot research, which 
investigated the effects of smoking a cigarette on the physiologies 
of four moderate sTIDkers, indicated that there was also an increase 
in the percent of time (8-12 Hz) brain waves were produced as a result 
of smoking a cigarette. Therefore, Brown's (1974) data and the 
author's pilot data suggest that 8-12 Hz activity might be a signifi-
cant contributing factor in determining the frequency of cigarette 
srmking. 
In swrmary, there is evidence which indicates a need for: 
1) treatment tedmiques which produce long-term reductions in smoking 
rate; 2) additional research which investigates whether the smoking 
of a cigarette acts as a stimulant or depressant on the EEG of humans; 
and, 3) the investigation of the utility of biofeedback as a treaunent 
technique for the reduction of sTIDking behavior. 
The present study has two purposes. First, the design of the 
study will reveal the individual and simultaneous physiological 
changes, i.e., EEG (brain wave patterns), EMG (muscle tension), 
electrocardiogram (heart rate), electrosphygmomanometer (blood 
pressure), and skin temperature that occur during and inmediately 
after the srroking of one cigarette. Second, the study will determine 
whether smoking frequency decreases when individuals are trained via 
biofeedback procedures to increase their arrount of ( 8-12 Hz) 
occipital EEG activity. In essence, the study might provide smoking 
researchers with valuable information concerning the simultaneous 
physiological effects of smoking one cigarette. Data which will 
indicate the feasability of replacing cigarette smoking with a 
voluntarily altered 8-12 Hz occipital EEG brain wave pattern 
will also be gathered. 
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REVIEW OF RELATED LITEAATURE 
The review of literature which follows shall not attempt to 
exhaustively review the theoretical or applied literature on 
sooking behavior, nor will it attempt to evaluate the effectiveness 
of each category of treatment techniques in depth, but instead is 
prirrarily designed to point out the rrajor categories of controlled, 
experimental research relating to the modification of smoking 
behavior. As presented in the preceeding section, the rrajor 
problem of the rrajority of the treatment techniques is their lack 
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of long-term reductions in the frequency of cigarette smoJcing (Hunt & 
Bespeloc, 1974). Hunt and Matarazzo (197 3) evaluated the effective-
ness of the different treatment techniques, and presented some surrmary 
data on their relapse rates. Hunt (1974) notes that the average 
study presents results that indicate the percentage of successful 
abstainers decreases from 100% at the completion of treatment to 
le ss than 48% at three months, and only 25% or less of the sookers 
have actually quit srroking at the end of six months. 
To date , the scientific world believes very strongly that ciga~ 
ette smoking is a health hazard a.rid that effective sITDking therapies 
must be developed. In fact, the scientists believe it so strongly 
that the following statement appears on each pack of cigarettes: 
"Warning. The Surgeon General has determined that cigarette 
srroking is dangerous to your health." This single sentence 
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expresses a scientific judgment supported by a series of five Public 
Health Service reports issued since 1964. The first of these was 
the famous Surgeon General's report on Smoking and Health. This was 
the work of a corrmittee of ten distinguished scientists appointed 
by the Surgeon General with the approval of President John F. Kennedy. 
Four (4) subsequent reports entitled The Health Consequences of 
Smoking, have now been issued (in 1967, 1968, 1969, and 1971). To-
gether with the original Surgeon General's report, the following 
comnents have been researched and docwnented. 
1) The diseases rrost closely associated with cigarette smoking 
are lung cancer, coronary heart disease, emphyseJTB., and chronic 
bronchitis. In other words, cigarette smoking affects mainly the 
respiratory and circulatory systems. 
2) As might be expected, cigarette smokers have more disabili DJ 
and illness than non-smokers. They suffer more frequently from chronic 
conditions and spend JIDre tine sick than non-smokers. One estimate 
is that 77 million w:::irk days are lost each year in this country 
becaus e smokers have higher rates of illness than those who do not 
smoke. 
3) At every age from 35 years on, death rates are higher for 
cigarette smokers than for non-smokers. This is true of women, 
as well as men, and the differences are striking. Among men between 
45 and 54 years, the death rate for smokers is almost three times 
that of non-smokers. 
4) The more one smokes , the greater is the risk. Compared 
to the non-smoker, the two-pack-a-day smoker has more than twice 
the change of dying of heart disease and 20 times the chance of 
dying of lung cancer than non-smokers. The ef feet of srroking is 
not, however, restricted to the heaviest smoker alone. The 
average smoker (one-pack-a-day), and the fairly light smoker (one-
half-pack-a-day) can be significantly affected. 
Clinics 
Different Approaches to the Modification 
of Smoking Behavior 
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Since the early 1960 1s when Ejurp (1963, 1964) began his 
pioneering work, srroking cessation clinics have been a popular means 
thrDugh which smoking reduction has been attempted. Although there 
are rrany variations across clinics (e.g. , treatment tech.-nques, 
number and length of meetings, expense of treatment) most of the 
clinics involve groups of srrokers coming together for the sole purpose 
of reducing their smoking behavior. The majority of the clinics 
attempt to achieve smoking reduction by: (1) presenting health 
inforrration, (2) providing group therapy, (3) providing moral 
support, (4) providing social pressure, or (5) implementing any 
combination of these (Cruickshank, 1963; Hoffstaedt, 1964; Lawton, 
1967; McFarland, 1965; Schwartz & Dubitzky, 1967). 
Hypnosis 
Hypnosis, as defined by Crasilneck and Holt (1976), is an altered 
state of consciousness which can be used in sorre individuals to pro-
duce desirable change in habit patterns, TIDtivation, self-image and 
life style. Johnston and Donoghue (1971) in their review of 
hypnosis and smoking, indicated that hypnotic techniques have been 
used as a part of antisrnoking interventions for the past thirty 
years, either to uncover personality conflicts which are presumed 
to cause sooking behavior, or to provide various kinds of direct 
suggestion (Bryon, 1964). Hypnotic suggestions have been used to 
give cigarettes an aversive taste or smell, to associate SIIDking 
with aversive events, to associate positive events with nonsIIDking 
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and, in general, to increase subjects' IIDtivation for gradual smoking 
reduction, self-rronitoring, stimulus cont.col, response chain disruption, 
and a variety of other self-control tactics (Bernstein & McAlister, 
1976). 
Some reports of smrt-term success with hypnosis using com-
binations of the above approaches are: Kroger (1963), Perry and 
Mullur (1975), Von Dedenroth (1964a, 1964b, 1968), and Watkins, 
(1976). 
Sensory Deprivation 
Sensory deprivation techniques which have been used to rrodify 
sooking behavior usually involve attempting to reduce sensory 
stimulation to an absolute minimum, while utilizing a variety of 
persuasive comnunication techniques. Although the communication 
techniques vary, as to the methods used to reduce sensory stimulation, 
the corrmunication techniques are usually related to persuading the 
client that the health hazards of smoking far outweigh the 
pleasures of smoking. 
Sensory restriction procedures can be as uninvolved as having 
the subject lie quietly in a dark attenuated rDOm with anns and 
hands encased in gloves and wearing earplugs (Schultz, 1965). 
Perhaps a IIDre severe procedure to bring about total deprivation 
was that used by Lilly and Shurley (1961) and Shurley (1963), who 
immersed subjects in a pool of slowly circulating tepid water. The 
subjects were wearing nothing but a mask covering their eyes and 
ears, and were instructed to inhibit all movement (Schultz, 1965). 
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Whatever the technique used, the sensory deprivation approaches 
have notedly influenced the subjects' verbal behavior about smoking 
(Gallup, 1974; Janis & Mann, 1965; Leventhal, 1968; Lichtenstein, 
Kentzer & Himes, 1969; Mann & Janis, 1968; Platt, Krassen & Mausner, 
1969; Streltzer & Koch, 1968). Howsver, only a few studies usli1g 
sensory deprivation techniques have actually shown a significant 
reduction in smoking behavior (Suedfelt, 1973; Suedfelt & Ikard, 
1973). 
Social Learning Approaches 
Some reviews conclude that learning approaches to the modifica-
tion of srroking behavior are the most promising (Bernstein, 1969; 
Bernstein & McAlister, 1976; Lichtenstein & Kentzer, 1971; Lichten-
stein, Kentzer & Mees, 1968). This view was based upon the belief 
that research procedures which emphasize operational definitions, 
use well controlled hypothesis testing techniques and utilize 
behavior modification procedures, would ult:i.m3.tely provide valuable 
practical and theoretical knowledge about srroking (Bernstein & 
McAlister, 1976), just as it has with other hum3Il behaviors 
(Bandura, 1969; Rimn & Masters, 1974). Most social learning 
approaches focus either upon (a) reducing the probability of 
sJIDking behavior, or (b) increasing the probability of an alter--
native non-srroking response. A few examples of each rrai..D social 
learning techniques are presented below. 
Aversive control. One of the rrost common social learning 
techniques used to reduce the frequency of smoking behavior has 
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been to utilize aversive stimuli, such as warm srroky air, electric 
shc,ck, noise, or the aversive consequences produced by rapid smoking 
procedures. Aversive procedures usually involve pairing noxious 
stimuli of some sort with thoughts about, or actions associated with 
srroking. For example, when using electric shock as the aversive 
control devise, the shock paired with srroking, or sometimes self-
administered by the client when merely thinking about srroking. Some 
of the studies which have utilized this technique include Best and 
Steffy (1971), Roy and Swillinger (1972), Russel (1971), Steffy, 
Meichenbaum, and Best (1970), and Whitman (1969). 
Some researchers have investigated the use of satiation (rapid 
srroking) techniques (Claiborn, Lewis & Humble, 1972; Danaher, Lich-
tenstein & Sullivan, (in press); Lichtenstein, Harris, Brichler, Wahl & 
Schmahl, 1973; Marrone, Merksamer & Solzberg,(1970). The rapid 
srroking technique is a srroking control procedure that instructs the 
participant to draw on a cigarette in a rapid (every six seconds) 
and continuous manner until further smoking cannot be tolerated. 
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Another aversive treatment approach is the warm smoky air 
method. This approach usually involves blowing warm, stale, smoky 
air into the face of the smoker while he is smoking his own brand 
of cigarettes. A few researchers who have investigated this 
approach are: Dawley, Ellithorpe, and Tretola (1976), Frank, Fried, 
and Ashem (1966), and Wilde (1965). 
Stimulus Control. Simulus control tactics for reducing the 
probability of smoking behavior is another type of social learning 
approach. Stimulus control tactics are based on the assumption that 
smoking is associated with and prompted by environmental cues present 
prior to smoking, or while smoking occurs. Further, it is thought 
that since smoking usuall y takes place under a wide variety of cir-
cumstance s , the number and extensiveness of these control cues or 
discrimin ative stimuli contribute to the habit (Bernstein & McAlister, 
(1976). Treatment usuall y involves a gradual elimination of smoking 
throu gh programmed narrowin g of the range of stimuli which are dis-
criminati ve for smoking (Nolen, 1968). Stimulus control programs 
vary considerabl y with re spect to how clearly they specify which 
environmental stimuli are to be detached from smoking. Some involve 
elimination of smoking from increasing numbers of specific situations, 
while others arrange only for non-smoking during certain periods of 
the day. Studies which utilize this type of procedure are Bernard 
and Efrar1 (1972), Flaxrncm (1974), and Roberts (1969). 
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Reinforcement of Non-Smoking. The reinforcement of non-
smoking is a social learnin g technique which seeks to eliminate 
sJIDking by strengthening other behaviors not involving, or perhaps 
incompatible with, smoking (Bernstein & McAlister, 1976). Positive 
reinforcement techniques usually employ either contingency contracting, 
coverant control, or both. A conti.rigency contracting procedure 
would require the srroker to sign a contract stating, for example, 
that every hour he didn't smoke his wife would give him a dollar, 
and every time he smoked he would have to give a dollar to his wife 
or a charity. 
A coverant control approach would attempt to reduce smoking by 
reinforcing the frequency of coverants ("Covert operants," or 
thoughts) incompatible with smoking (e.g., "srroking causes lun g 
cancer"). The reinforcers could be presented by the experimenter, a 
social peer, or the subject himself. Some studies which use this 
approach are: Kentzer (1968), Lawson and May (1970), Rutner (1967) 
and Tooley and Prott (1967). 
Drugs 
The majority of the anti-smoking drugs which have been prescribed 
for would-be-quitters have either been designed to mimic the 
effects of nicotine or mitigate the physical and psychological con-
sequences of smoking cessation (Bernstein & McAlister, 1976). The 
most widely used nicotinornetic agent is lobeline sulphate. Researchers 
who have used lobeline sulphate to decrease smoking behavior have 
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included Ross (1966), Scott, Cox , &Clean, Prince and Southwell (1962), 
and White (1962). 
Some other types of drugs which have been used are hydrDoxyz .ine 
hydrDchloride (Turle, 1958), meprobamate (Bartlett & Whiteheat, 1957); 
diozepan (trade name--Valium) and the stimulant methylphenidate 
(trade name--Ritalin) (Whitehead & Davies, 1964). The effectiveness 
of antisrroking drugs in eliminating the srroking behavior of rrost 
subjects, as has been the ma.jority of all treatment techniques, is 
usually only short-term and primaril y a function of placebo and other 
non-specific effects associated with receiving medication rather 
than of specific dru g characteristics (Bernstein, 1969; Schwartz, 
1967). 
The Effects of Nicotine on Behavior and 
EEG Pattern s of Animals and Humans 
Since the review by Silvette, Hoff, Larson and Haag (1962) on 
the acti ons of nicotine on the central nervous system, many research 
studie s have been conducted which the oriz e that the nicotine supply 
a srroker obtains from the tobacc o is a sufficient enough amount to 
be considered a ma.jor contributin g fa ctor for establishing and con-
tinuing the srroking habit (Jarvik, 1973; Jarvik, Glich & Nokomura, 
1970). 
Numerous researchers have indicated that nicotine affects both 
behavior and physiology of anima.ls and humans (e.g., Goldstein & 
Nelson, 1974; Turner, 1971). wmino (1967) found that sma.11 doses of 
nicotine had no consistent effect on established conditioned pole-jump 
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behavior in the rat (less than 25 ug/Kg subcutaneously), or 
shock avoidance behavior in rnonkeys (40 ug/Kg intravenously). 
Acquisition of pole-jump behavior in the rat was slightly facilitated 
by 40 ug/Kg and depressed by 80 ug/Kg of nicotine, subcutaneously. 
Nicotine in doses above 250 ug/Kg consistently depressed established 
pole-jump avoidance behavior, producing a depression of avoidance, 
rather than of escape behavior. 
Morrison and Lee (1968) showed that nicotine reduced the activity 
of spontaneously more active rats and increased that of less active 
animals. Furthermore, increased motor activit y has been observed 
when the drug was injected in rats in the morning, which is their 
normtl restin g period (Bovet-Nitti & Oliverio, 1967). The same 
rats, when given nicotine in the night (active period) reduc ed their 
activity. 
Armitage, Hall and Morrison (1968) indicated that nicotine m-
creased the lever pressing activity in trained rats, and caused a 
change in EEG of cats indicative of cortical activation, which was 
considered consistent with the self-report of some smokers that in-
halation of tobacco srroke caused them to be more alert and efficient. 
Nicotine administration before learning has been shown to improve the 
learning ability of rats and mice in several different tasks (Bovet, 
Bovet-Nitti & Oliverio, 1967; Bovet-Nitti, 1965; Garg & Holland, 
1968). 
Knapp and Domino (1962) first presented data which indicated 
that nicotine in small doses equivalent to those inhaled in tobacco 
srroke has a rrarked, but short-lasting stimulant effect on the brain 
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stem activating systems of various an:iJnals. This effect appeared 
on EEG readings within one minute after intravenous injections of 
20 ug/Kg of nicotine and caused rapid activation of acute-midbrain-
transected animals. Within four minutes, spindle bursts returned, 
often JTDre prominent than before nicotine injection. Evidence 
that EEG activation involves an action of nicotine directly on the 
brain stem reticular formation has also been demonstrated by Domino 
(1967) and Kawamura and Domino (1969). 
In essence, pharmacological studies on animals indicate that 
both nicotine and cigarette smoke produce different effects as a 
function of dosage, behavorial conditions, and the type of experi-
mental animal (Armitage, Hall & Morrison, 1968; Barnes, 1966; 
Brown, 1966; Domino, 1967; Geller & Hartman, 1969; Hale, 1970; 
Schechter&Cook, 1976; Toda, 1976). 
Effects of nicotine and tobacco smoking on human behavior and 
physiology is currently receiving attention from researchers ma 
variety of fields. This is easily exemplified by reviewing 
The Directory of On-Going Research in STIDking and Health, which is 
published by the United States Department of Health, Education and 
Welfare. However, the specific effects sJTDking has on physiology 
and especially on the EEG of humans is still a greatly debated 
issue. One group of researchers suggest that sJTDking acts as a 
stimulant and speeds up the brain wave activity, while another 
group of researchers suggest that . smoking acts as a depressant and 
slows down brain wave activity. Several studies are presented m 
the following section which represent both sidesof the argument. 
The Effects of Nicotine and Smoking 
on the EEG Patterns of Humans 
Brown (1974) conducted a study which sought to detennine the 
relationship between degrees of srroking frequency and rranifest EEG 
patterns. Brown investigated six different categories of srrokers: 
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(1) subjects who never smoked, (2) average smokers (3/4 to 11/4 
packs/day), (3) heavy srrokers (2 to 3 packs/day), (4) very heavy 
srrokers (more than 3 packs/day), (5) fonrer average srrokers (an 
average smoker who has stopped smoking at least six rnonths previously), 
and (6) former heavy smokers (a heavy smoker who had stopped smoking 
at least six months previously). Prior to presenting a slll1lITl::lry 
of Brown's findings, however, it seems appropriate to provide a 
general discussion on brain waves for the reader who might have a 
limit ed background of EEG terminology. In general, brain waves are 
divided into four basic groups: Delta, Theta, Alpha and Beta. The 
individual group of brain waves are divided on the basis of their 
frequency of occurrence per second. For example: Del ta brain waves 
are waves which occur' at a frequency of 0-4 cycles per second (Hz) ; 
Theta waves occur at a 4-8 cycle per seco nd frequency; Alpha waves 
occur at a 8-12 cycle per second frequency; and Beta waves occur at 
a 12-20 cycle per second frequency. 
Although an individual's brain waves shift throughout the day 
from one frequency to another, EEG equipment provides researchers 
with the capability of determining which frequency of brain waves 
an individual is producing at any given time period. The equipment 
also allows us the ability to measure the strength of the brain 
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waves, or as referred to in EEG terminology, the amplitude of the brain 
waves (abbreviation for amplitude is uV). A summary of BD:)wn1s findings 
revealed that the EEG characteristics which pn)vided the basis for 
significant discrimination between degrees of cigarette srroking frequency 
and non-srroking were: alpha frequency variations, amplitude of alpha, 
amplitude of beta, and the frequency of theta. More specifically, 
BD:)wn noted the following individual brain waves differences between 
srrokers and non-smokers. 
Alpha Brain Waves 
All active smoker subjects and the former heavy smoker group ex-
hibited significantly higher frequencies of alpha than did the non-
srrokers and former average srroker groups. For average and for very 
heavy srrokers, alpha frequency was significantly more variable. 
Variations appear to increase with increased frequency of alpha. The 
amplitude of alpha for the average srroker group was considerably larger 
than that of the never smoked group, whereas that for the very heavy 
srroker group was significantly smaller than the never srroked group. The 
percent time of alpha activity present in the EEG was similar for all 
groups, except for the very heavy smoker gn)up, which contained 
appn)ximately half the amount of alpha per unit of time. 
Beta Brain Waves 
According to BD:)wn (1974), one of the chief characteristics of 
heavy-srroker EEG records is the extraordinary amount of rhythmic beta 
activity. A further difference between srroker and non--srroker groups in 
beta frequency range was found in the amplitude characteristics; the 
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amplitude of Beta for the smoker groups was nearly twice that for 
either the never smoked group or the former smoker groups. The total 
amount of beta activity present in the EEG (sum of toth rhythmic and 
nonrhythmic) was similar for all groups except for the very heavy smoker 
group, which exhibited at least 50% more beta activity. 
Theta Brain Waves 
Although not statistically significant for individual group com-
parisons, Brown (1974) found that the trend of differences suggested 
that heavy smokers and very heavy smokers have slightly higher than 
average frequencies of theta. The distinguishing chai'>acteristic, however, 
is shown by the greater relative regularity of theta rhythm in all 
smoker and fonner srnoker groups as compared to never smoked groups. 
Brown's 1974 results confinned and extended an earlier study 
(Brown, 1968) demonstrating IIB.rked differences in brain wave patterns 
between smokers and non-smokers. Brown reports that a clear cut 
relationship exists between patterns of EEG and degree of cigarette 
srroking frequency. EEG patterns of smokers and non-smokers differ 
for all the major characteristics, particularly in the frequency per 
unit of tine and amplitude of both alpha and beta activity. 
Brown reports the significance of the diffe1-ences is rrore easily 
seen by comparing differences in EEG characteristics among three 
different categories of smokers (i.e., average smokers, very heavy 
srrokers, and non-srrokers). The EEGs of non-smokers appear to resemble 
the average EEGs of rest and relaxation characterized by predominantly 
slow wave activity varying between theta and alpha rhythms and with 
nonrhythmic activity appearing as a mixture of relatively slow waves 
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(Johnson, Lubin, Naitoh, Nute, & Austin, 1969; Lindsley, 1960; 
Volavka, Matousek, & Roubicek, 1967). The EEGs of very heavy srrokers 
resemble the EEG patterns of intense activation characterized by 
desynchrony comprised of fast low-voltage activity (Daniel, 1965; 
Lindsley, 1960; Volavka et al., 1967) and the EEG patterns of average 
srrokers contain the high frequency rhythmic activity suggestive of 
intermediate degrees of activation usually indicated by fast (13 
to 20 Hz) rhythmic activity (Daniel, 1965; Gale, Dunkin & Coles, 
1969; Volavka et al., 1967). 
In general, Brown notes four outstanding and consistent EEG 
characteristics which are typical of individuals who have developed 
a habit of srroking cigarettes: 
(1) increased frequency of alpha activity, 
(2) increa sed amplitude of rhythmic beta activity between 
13 an:i 20 Hz, 
( 3) less variation in frequency of theta (indicatin g predominantly 
high frequency theta), and 
(4) greater abundance of identifiably different freq uencies within 
the range between 3 and 20 Hz. 
Thus, Brown sugges ts that srroking produces a tranquilizin g effect 
on th e human EEG or a general slowing down of the brain wave pattern. 
Itil, Ulett, Hsu, Klingenberg, and Ulett (1971) also suggests a 
slowing down of brain waves as a result of srroking. They took 32 
' young chronic cigarette srrokers and recorded their EEG's at the end 
of a 24 hour period of srroking deprivation and again after srroking 
three cigarettes. Using frequency and computer analysis, they present 
an EEG change which indicates an increase in slow activity for ten 
minutes after srnoking followed by a return to resting levels. 
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Phillips (1971) conducted a study in which he investigated the 
EEG changes associated with smoking in humans. His report compared 
computer analysis of EEG data recorded under both resting and work 
conditions following srnoking to appropriate control data in six male 
twenty-five to thirty-five-ye~old nurses. Following digitizing, 
a power spectral ana.lysis was performed which revealed significant 
reductions in the peak alpha frequency component up to 20 minutes 
following srnoking, during a visual task. Eyes-open resting data showed 
a similar but not significant loss after nine minutes. No indicators 
of increased fast activity was found, suggesting a general slowing down 
of the brain wave pattern. 
In contradiction to the suggestion that srnoking pro::l.uces a 
tranquilizing effect on EEG, sane studies have suggested a stimulating 
effect of smoking or in general a speeding up of the brain wave pattern. 
Murphree, Pfeifer and Price (1967) demonstrated that drug effect 
on the central nervous system as seen in the EEG depend upon the subject's 
condition or state prior to administration. In the case of smoking, 
it was observed that a reflex effect in the EEG could occur after smoking 
but before any pharrrB.cological effects can be seen in the blocd, and that 
smoking seems to be a stimulant rather than a tranquilizer in most cases. 
Ulett and Itil (1969) conducted a digital computer analysis of 
the EEG's of eight young heavy smoker males following 24 hours of the 
EEG's of eight young heavy srnoker JIBles following 24 hours of smoking 
deprivation. Results showed a significant increase in the slow 
frequencies which was reversed by the beginning of smoking. 'This study 
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suggests a general slowing down of the brain waves as a result of 
deprivation from smoking and a general sreeding up of the brain wave 
pattern when smoking is reinstituted. 
Hauser, Schwarz, Roth, and Bickford (1958) in a study of the 
effects of srmking on healthy young adults using the EEG and frequency 
analysis, found that 85% of smokers and 70% of non-smokers increased 
alpha frequencies by 1 to 2 Hz upon srroking. The change occurred 
early and was persistent. Four of five subjects smoked nicotine-free 
and cotton-simulated cigarettes and showed a similar increased alpha 
frequency. The authors of this study do not directly address the 
speeding up or slowing down of the brain wave activity issue, but it 
seems appropriate to assume that they are suggesting a speeding-up effect. 
Hauser, et al., also suggests that some of the effect smoking a cigarette 
has on the EEG pattern is directly related to the act of smoking and 
not the inj es ting of the nicotine, etc. into the body. Al though this is 
entirely another issue it does seem to be an area which must be considered. 
Biofeedback Approaches to the 
Treatment of Cigarette Smoking 
Kamiya (1962) demonstrated that humans could be trained to control 
their EEG activity with biofeedback training. Since then rrany other 
investigators have replicated these findings (Beatty, 1972; Black, 1972; 
and Kamiya, 1969). To date, a review of the biofeedback literature 
indicates that only three attempts have been made to decrease the 
frequency of cigarette smoking via a biofeedback approach. The 
follcwing is a brief SumrrBrY of these studies. Havelick (1977) 
reported a case study in which he treated a 40 year old business 
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executive who reported having severe migraine headaches. The patient 
was unable to satisfactorily control the headaches medically (Valium 
and Cofergot) and over the years developed a dependency on Valium. 
It was decided to treat his migraine headaches with a combination of 
EMG and temperature biofeedback with in-vivo relaxation practice and 
generalization procedures. Elimination of headache activity was 
achieved in 16 sessions. Gradual withdrawal from Valium dependency 
was achieved by establishing weekly behavioral contracts for dosage 
reductions and instructing the patient to achieve "low arousal" (not 
defined in study) whenever withdrawal symptoms occurred. The final 
treatrrent goal was the elimination of cigarette smoking behavior. This 
goal was attempted only after other objectives described above were 
achieved. First the subject was instructed to wear a wrist golf stroke 
counter in order to establish baseline data of smoking frequency, as 
well as to provide infonna.tion feedback. During this period, the subject 
was given EEG alpha training. After five sessions, the subject was 
able to sustain integrated EEG alpha levels of 20uV, as opposed to 
12uV maximwn with eyes closed during baseline. Tape recorded statements 
were turned on at a low volume level only while the subject was in an 
alpha condition. These statements included the following: ":;:: can 
see myself working without cigarettes." "My lungs feel healthy." "I 
feel better without cigarettes." Havelick reported that within four 
months (16 sessions), his client had totally eliminated all headaches. 
Within 5½ rronths from the beginning of training, his client was not 
taking Valium, and within 6½ rronths his client had given up srnoking, 
having previously smoked an average of 30 cigarettes per day. 
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Follow-up data indicated that these results were the same after a six 
month post-treatment period. 
Turin and Nideffer (1974) reported a case study in which a patient 
with a headache history of 8-10 years was about to begin biofeedback 
training in an attempt to learn a finger warming strategy for the 
alleviation of her headaches. During the sixth week of baseline period, 
just prior to beginning actual training, the patient reported a sudden 
cessation of headache activity coincident with elimination of cigarette 
srroking. Subsequent rronitoring of additional subjects finger temperatures 
prior to, during and after sIIDking deJIDnstrated that decreased finger 
temperature is one effect associated with cigarette smoking. Thus, 
the cessation of smoking behavior in the patient described here was 
preswrably associated with a spontaneous increase in finger temperature. 
Consistent with the results of increases in finger temperature through 
biofeedback training, the spontaneous increase found in this subject 
was associated with a dramatic reduction in headache activity. 
This finding is interpreted as providing support for the notion 
that finger warming is indeed an active ingredient in the effectiveness 
of biofeedback based treatment of migraines. This support is 
especially important because the major studies in this area have employed 
virtually no controls for the effects of expectancy, impressive 
instrumentation, etc. 
For four weeks the patient had continued to refrain from smoking. 
During this period her headaches decreased considerably, both in terms 
of actual number of headaches a.nd arrount of medication taken. 
Kothare (1975) combined yogic breathing, autohypnotic suggestions and 
GSR-induced relaxation techniques to 1) modify excessive smoking 
behaviors in one group of 8 persons, and 2) control ove~eating 
24 
habits of 6 persons in the other group. A training program was set up 
to provide the partici:!)cliltS with the use of relaxation as an active 
coping skill in the developing of self-control. Participants attended 
twice a week for 45 minutes each, for four weeks. As a result, six persons 
in the first group stopped smoking entirely; tw::> persons reduced their 
sooking consumption of cigarettes considerably. 
In the other group, all six persons altered their eating habits 
significantly towards desir·able weight loss. 
Statement of the Problem 
Several reviews of research on the psychological treaunents of 
cigarette smoking have indicated the need for additional treatment 
techniques that can produce long-term smoking reductions (Hunt & 
Bespolec, 1974; Hunt & Matarazzo, 1973; Hunt, 1973). Due to the lack 
of long-term reductions, considerable attention has been directed 
toward identification of physiological variables contributing to the 
maintenance of cigarette smoking (Stephens, 1977). To date, there 
appears to be some controversy as to the specific effects smoking a 
cigarette has on the EEG of humans. Brown (1974), Itil et al., (1971), 
Phillips (1971) suggest that smoking acts as a depressant and slows 
down brain wave activity, while Murphree et al., (1967), Ulett and Itil 
(1969), Hauser et al., (1958) suggest that smoking acts as a stirrn.ilant 
and speeds up the brain wave activity. The importance of clarifying 
these variables relates to the development of effective programs for 
the treatment of sooking behavior. 
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In swrrnary, the questions are whether: 
1) A biofeedback treatment technique can produce long-term reductions 
in srroking rate; 
2) This study will provide additional research data to suggest that the 
smoking of a cigarette acts as a stimulant or a depressant on the 
EEG of humans; and, 
3) The training of 8-12 Hz occipital EEG biofeedback will decrease 
smoking frequency. 
The author hypothesized the following: 
1) A biofeedback treatment technique will produce long-term reductions 
in srroking frequency; 
2) Smoking a cigarette acts as a stimulant for some srrokers, a depressant 
for other sJIDkers, and possibly produces both stimulant and depressant 
effects fop the sane sJTDker on different srroking occasions; and, 
3) The training of 8-12 Hz occipital EEG biofeedback training will 
decrease the frequency of smoking. 
Purposes 
This study attempted to identify the physiological variables which 
correlate with, and may possibly contribute to, the maintenance of 
cigarette srroking. Thus, it had two main objectives: 
1) Determine the individual and simultaneous physiological changes 
i.e., EEG (braiD wave patterns), EMG (muscle tension), EKG (heart 
rate), and hand skin temperature that occurred during and 
immediately after the srroking of one cigarette. 
2) Determine what 8-12 Hz occipital EEG biofeedback training would 
have on srroking frequency. 
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individual is not really motivated to quit smoking. During the initial 
interview, each subject was first given a general outline of all 
procedures (Appendix B). Second, they were asked to complete a Smoker's 
Self-Testing Kit (Appendix C), which was developed by Daniel Horn, 
Ph.D., Director of the National Clearinghouse for Smoking and Health. 
The Self-Testing Kit was mainly administered to determine the degree 
of motivation the smoker had to quit smoking, however, the questionnaire 
also evaluated: 1) what effects the subject believed srroking had on 
h.m1, 2) what the subject believed kept him smoking, and 3) how the 
world around him controlled his smoking frequency. Finally, they were 
asked to complete a general background questionnaire (Appendix D), which 
had been suggested for use in smoking cessation programs by the National 
Interagency CoW1cil on Srroking and Health. 
The subjects who were selected from the group of volunteers were 
those six subjects who: 
1) were either moderate or very heavy smokers, 
2) scored nine or above on the Motivational Sub Test of the 
Smoker's Self-Testing Kit, 
3) over th e f irst three sessions of baseline had a mean percent 
8-12 Hz activity of 95% or less, 
4) LDdicated no health problems or current chronic conditions 
which their family physician felt would be negatively 
effected by the treatment phase of the study, 
5) were not presently receiving any type of physician prescribed 
medication or on any other smoking programs, and 
6) completed a general background questionnaire. 
Subject pennission and involvement were obtained in accordance 
with ethical guideljnes for those subjects accepted into the study. 
A copy of the consent form can be found in Appendix E. 
The following information was provided by the subject on the 
background questionnaire: 
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Subject 1 was 14 years old when he started srroking cigarettes 
regularly and he had been smoking for ten ye.a.rs. He had tried 
to quit srroking three or more times before, but h2.d not been 
able to quit for more than a three TIDnth period. The methods he 
had used to attempt to quit sTIDking were drugstore remedies 
(Nicoban, Bantron, etc.). He reported that on the average he 
smoked 20 cigarettes per day. He was a college graduate and 
had a present occupation of Artist and part-tine student. He 
mentioned that the only health problems he had was shortness of 
breath and that he smoked all brands of cigarettes, but presently 
was smoking Lucky Strike Filters. 
Subject 2 was 15 years old when he started sTIDking cigarettes 
regularly and had been srroking for 7 ye.a.rs. He had tried to 
quit srroking once before, but had not been able to quit for 
longer than 24 hours. The method he had used to attempt to 
quit smoking was cold turkey. He reported that on the average he 
smoked 40-60 cigarettes per day. He was presently a Senior in 
college and part-time animal controller. He noted that he 
had no health problems and presently srroked Salem cigarettes. 
Subject 3 was 18 years old when he started smoking cigarettes 
regularly and had been smoking for 12 years. He had tried to 
quit smoking once before, but had not been able to quit for 
longer than six days. He had not tried to use any particular 
m2thod to try and quit. He reported that on the average he 
smoked 50 cigarettes per day. He was a college graduate and 
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had a present occupation as a Sales Representative. He mentioned 
that the only health problem he had was a minor back problem and 
that he presently smoked Winstons. 
Subject 4 was 16 years old when he started srroking cigarettes 
regularly and had been srroking for 13 years. He had tried to 
quit smoking once before, but had not been able to quit for oore 
than 24 hours. The method he had used to attempt to quit smoking 
was a monetary contract. He reported that on the average he srrok:ed 
40 cigarettes per day. He was a college graduate and was presently 
working on a graduate degree. He mentioned that the only health 
problem he had was chronic bronchitis and that he presently 
smoked Kent Golden Lights. 
Subject 5 was 31 yrars of age when he started smoking cigarettes 
regularly and had been smoking for 1 year. He had tried to quit 
smoking three or more times before, but had not been able to 
quit for more than six days. The methods he had used to attempt 
to quit smoking were drugstore remedies (Nicoban, Bantron, Water-
pik filters, etc.). He reported that on the average he smoked 
20 cigarettes per day. He was a college graduate and had a 
present occupation of MatheJIB.tician. He noted that he had no 
health problems and presently smoked Merits. 
Subject 6 was 19 years old when he started srroking cigarettes 
regularly and had been srroking for six years. He had tried 
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to quit srmking three or more times before, but had never been 
able to quit for rrore than three rronths . The method he had used 
to attempt to quit smoking was a cold turkey approach. He 
reported that on the average he srroked 20-25 cigarettes per day. 
He was a college graduate and had a present occupation as a 
cabinetrrB.k:er. He mentioned that he had a history of asthrra and 
was presently srroking Camel Filters. 
Apparatus 
The biofeedback equipnent consisted of an Autogentic Systems, Inc., 
Feedback Encephalograph, Model 120a; a Feedback Electromyograph, .tvbdel 
1100; a Feedback Skin Temperature .tvbnitor, .tvbdel 1000; and a Feedback 
Electrocardiogram, Model FM-1100-4 E. Other physiological recording 
equipment which was used, but was not designed to present feedback 
were: Na:rc:o Systems Physiograph (.tvbdel DMB 48), and a Healthtop blood 
pressure cuff and stethoscope . 
The feedback encephalograph monitored the subject ' s brain wave 
activity and was equipped with adjustable frequency and amplitude 
fi lter s. These filters were adjusted to define the EEG parameters 
that resulted in feedback (8-12 Hz with 0-80 Mv) and those parameters 
which did not result in feedback (12-20 Hz with 0-80 Mv and 4-8 Hz 
with 0-80 Mv). The feedback encephalograph had a meter which when 
switched to the main channel indicated the pe:rc:entage of time the 
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subject's EEG was within the 8-12 Hz activity range and when switched 
to the auxiliary channel indiGated the percentage of time the subject's 
EEG was within the 12-20 Hz activity range, for a period of 20 seconds. 
The feedback encephalograph also displayed by meters, the average 
frequency and the average amplitude of the subject's EEG within the 
8-12 Hz range for the past accumulated 10 seconds of such activity. 
The feedback rnyograph monitored the muscle activity and was equipped 
with adjustable scales and visual monitoring meter. These scales were 
adjusted at the beginning of each session for each subject to allow 
for observer's accurate monitoring of the visual meter. Although the 
feedback rnyograph was equipped to provide feedback for muscle activity, the 
unit was used only as a measuring device throughout this experiment. 
Monitoring of hand skin temperature was the function of the feedback 
temperature unit. The temperature unit was also used as a measurement 
device and at no time throughout the experiment was the unit used to 
provide feedback to the subjects. The temperature unit was equipped 
with a control knob that could be adjusted to present a visual display 
of the subject's baseline skin temperature. As the visual display 
meter increased or decreased, observers could determine actual skin 
temperature. 
The feedback electrocardiogram monitored the subject's heart beat 
and was equipped to transmit the heart beat through a portable 
transmitter, which was interfaced with a Narco Systems Physiograph. 
This allowed each subject's heart rate to be recorded on physiograph 
paper and later used to calculate the subject's heart rate per minute 
for each session. 
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The Healthtop cuff and stethoscope was used to monitor the subject's 
systolic and diastolic blood pressure at the beginning and end of each 
session. The blood pressure wu.t was equipped with an adjustable 
ann cuff and attached stethoscope. The unit also was equipped with a 
visual display meter. 
Feedback Apparatus and Stimuli 
The feedback encephalograph was used to provide feedback to the 
subjects. Each subject received "instantaneous" music feedback whenever 
his occipital EEG was within the 8-12 Hz activity range with 0-80 Mv. 
The music feedback was provided frum an interfaced taped cassette 
recording of easy listening music frorr1 Andre Kostelanetz's album of 
the World's Greatest Love Songs #PG32002, which was manufactured by 
Colwnbia Records in 1973. The feedback was presented to the subjects 
during the training condition (see Table 1) for a minimum of eight 
sessions and a maximum of 21 sessions. 
Experimental Setting 
The individual sessions were conducted in a daily lit, 2.75 meters 
by 2.2 meters, moderately attenuated chamber in the Exceptional Child 
Center's Biofeedback Lab, Room 116C. The subject remained seated through-
out the sessions in a comfortable recliner chair with the physiological 
electrodes attached. The electrode cables ran to an adjoining 2.75 
meters by 2.75 meters room which housed the physiological equipment and 
the data recorders. A 3 0 • 4 8 cm x 3 8 .10 cm one way mirror allowed the 
experimenter to view the subject. 
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Design 
A multiple baseline design with replication across subjects was 
used (Baer, Wolf & Risley, 1968). The multiple baseline design requires 
continuous recording of the dependent variables of several subjects 
using baseline and experimental conditions. The independent variable 
is t lhen introduced to each subject at different points in time during 
baseline. If changes in the dependent variables are due to the presenta-
tion of the independent variable, this will occur sequentially upon the 
presentation of the independent variable to each subject. The dependent 
variables recorded were: srroking frequency, EEG occipital amplitude, 
frequency, and percent of time within 8-12 Hz, EEG occipital percent of 
time within 4-8 Hz and 12-20 Hz with no amplitude criterion, EMG frontalis 
muscle tension, heart rate, and left hand skin temperature (See Appendices 
H through N). Note that subject six was unable to begin the study until 
day six. However, subject six still meets the requirements of the 
multiple baseline design. 
The !IR.lltiple baseline design is particularly useful when reversing 
the treatment conditions is undesirable (Baer, Wolf, & Risley, 1968). 
Other advantages of this design are: (a) all subjects are exposed to 
all treatment conditions, (b) a sITBll sub ject sample can be used, 
(c) the possible effects of extraneous experimental variables such as 
time, placebo effects, attention, etc., can be contrDlled and (d) it 
applies to individual patients of concern to clinicians in the field. 
Data Recorded 
Four types of physiological data were recorded at 30 second intervals 
during each 30 minute session from each subject throughout all phases 
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of the experiment: (1) occipital EEG data, (2) frontalis EMG data, 
(3) heart rate data, and (4) hand skin temperature data. Blood pressure 
data were recorded by the experimenter at the beginning and end of each 
session. The physiological data were recorded by the experimenter or 
trained assistants on data sheets from visual inspection of equipment 
meters. The observers would always visually inspect the equipment meters 
in the fallowing order: frontal is EMG data; skin temperature data; the 
percent time 8-12 Hz and 12-20 Hz activity; the mean frequency of 8-12 
Hz activity; and the mean amplitude of 8-12 Hz activity. The data 
was recorded in the aJ:x:,ve ITB11J1er to assure the experimenter that visual 
inspection of each physiological parameter was conducted at approximately 
every 30 second interval. Heart rate data was calculated at the con-
clusion of each session. 
(1) Occipital EEG data. Occipital EEG data was recorded from 
electrode position 01 and T3, which were located over the left 
occipital cortex and temporal lobe (refer to Figure 1). A ground 
electrode was placed on the scalp over position T4 which is located 
over the right temporal lobe. The frequency filters on the feedback 
encephalograph were set at 8-12 Hz. The Amplitude filter was adjusted 
so that 8-12 Hz activity, between 0-80 MV in amplitude, was analyzed 
to compute percent of time, mean frequency, and mean amplitude. 
At 30 second intervals the experimenter's assistants recorded percent 
of time, mean frequency and mean amplitude of 8-12 Hz activity production 
during the processing periods by reading meters on the feedback 
encephalograph. The percent of time the subject's occipital EEG was 
within 8-1 2 Hz was canputed for the past 20 seconds of real time. 
LEFT RIGHT 
~-r NASO.eHARYNOW 
NASION 
PARIETAL VERTEX------'t--~ 
Figure 1. International 10-20 system for EEG electrode placements. 
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• F 
Figure 3. Electrode positions D and F for measuring heart rate. 
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It is a sensitive method of measuring and quantifying muscular tension 
and relaxation. EMG frontalis muscle activity has been found to be 
useful indicator of general muscular tension and relaxaticn. Typically, 
EMG frontalis muscle activity below three microvolts is indicative 
of relaxed musculature (Stoyva & Budzynski, 1975). Skin temperature 
is used as an i.~dice of autonomic nervous system functioning. Green 
(1972) has successfully derronstrated the relationship between 
relaxation and temperature rise using skin temperature as a measure. 
Hand skin temperature of 90° F. or higher is within a range considered 
to be indicative of autonomic relaxation. EEG brain wave activity is 
an indicator of cortical physiology. A predominant pattern of brain 
wave rhythms between 8-12 cycles per second (measured in Hertz units) 
is indicative of a relaxed cortical system, and between 12-20 Hz is 
indicative of a very active cortical system (La . wrence, 1972). The 
relationship between the amplitude of a particular brain wave pattern 
and the percent time production of the brain wave pattern has been a 
greatly debated issue. The research conducted to date on the amplitude/ 
percent time relationship is still highly controversial and unsolved 
(Han:l.t and Kamiya, 1976; Plotkin, 1978). 
(5) Blood pressure data. Blood pressure data was recorded 
by the experimenter from the subject's right arm at the beginning 
and end of each session. Systolic and diastolic recordings were 
made and recorded on the subject's data sheet. 
Three types of behavioral data were recon:l.ed by the subject: 
(1) the Srroker's Self-Testing Kit was completed, (2) the general 
background questionnaire was completed, and (3) the subject's srroking 
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frequency inside and outside the experimental setting was measured. 
The first two types of behavioral data were gathered during the initial 
intake interview and serve merely as a screening device. The srroking 
frequency data served as a pri.m:rry dependent variable. 
(1) The Srroker's Self-Testing Kit. (See Appendix C). The Smoker's 
Self-Testing Kit was completed by each subject during the initial 
interview session. This self-testing kit was designed by Daniel Horn, 
Director of the National Clearinghouse for Srroking and Health. · The 
test was designed to aid the smoker in answering some questions about 
his sIIDkiJ1g habit. The questions , however, for the purpose of this 
study was used to aid the experimenter in deciding: (a) whether the 
smoker really wanted to quit smoking, (b) what the srroker knew about 
the effects of smoking on his health, (c) what kind of srroker he was 
(why he smokes), and (d) whether the srroker's environment helped or 
hindered him if he tried to stop. The degree of motivation the srroker 
had to quit smoking (Part A from above) was the primary purpose for the 
administration of the test. The subject's scores on the Smoker's Self-
Testing Kit are presented in Appendix C-1. 
(2) General background questionnaire. A general background 
questionnaire suggested for use by the National Interagency Council 
on Smoking and Health was administered to each subject during the 
initial intake interview (Appendix D). This background information 
questionnaire detected any hea l th prob l ems and gave the experimenter 
some data concerning how long the subject hc,d been smoking, the 
number of ti~es he had attempted to quit, etc . 
42 
(3) The subject's smoking frequency. Smoking frequency data 
were recorded outside the experiment proper on aJ1 hourly basis by 
each subject for the first three months of the study. The subjects 
were provided with recording cards which fit between the surrounding 
cellophane and the pack of the cigarettes. The subjects were required 
to record on the data card each time they smoked a cigarette. The daily 
smoking data cards were collected daily for the first three mont11s of 
the study. Smoking frequency data recording was then switched to a 
one-day-a-week recording for the next three month follow-up. This 
procedure allowed for the fading out of any smoking decreases as a result 
of the recording procedure. One obvious disadvantage of utilizing a 
self-recording procedure to docwnent smoking frequency change is that 
the person's self-reported data may be biased, inaccurate or falsified. 
There was no additional independent measure of the subject's smoking 
behavior recorded in this study. Mcfall (1978) reviews the pros and 
cons of utilizing self-report methods and discussed the problems 
associated with usin g additional unobtrusive naturalistic measures. 
The limitations of only using a self-report measure and the author's 
rationale for not implementing an additional measure of smoking 
frequency will be discussed in more detail in the Discussion Section 
of the paper. A copy of the smoking frequency data sheet can be found 
in Appendix F. 
General Procedures 
Throughout all phases of the experiment, each subject was requested 
to withhold from smoking for 1 hour prior to the lab sessions. Since 
the B phase of the study was designed to demonstrate the imnediate 
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and after effects of srroking one cigarette on an individual's physiology, 
one hour of non-srroking prior to each lab session during all phases 
of the study was requested of each smoker to maximize the effects. Each 
subject was first seated in a recliner chair and then attached to the 
physiological equipment. Physiological data recording was conducted 
Monday through Friday at the same time of day for each subject, but at 
different times for the different subjects. Subjects were seen 
individually for 30 minutes of physiological data recording during each 
session. Prior to the beginning of the physiological data recording 
the subject was given approximately five to six minutes as an adaptation 
period (Meyers & Craighead, 1978). This was deemed nece ssary by the 
experimenter t o allow for the heart rate, skin temperature, etc. to 
stabilize. 
During all recording periods the experimenter and research 
assistants were located in the biofeedback equiµnent room, which was 
adjacent to the experimental chamber, in order to rronitor the equipment. 
During all phases of the study, the subjects sat uninterrupted in a 
recliner chair with their eyes open. In view of the importance of 
maintaining constant alertness in EEG drug studies (Scott, Schwartz, 
Farrant, & Spiers, 1974), an alerting procedure similar to that of 
Volavka., Crown, Dornbush, Feldstein, and Fink (1973) and Knott and 
Venables (1977) was used throughout the study. Subjects were 
instructed to keep a button depressed on the arm of tr.e chair, 
and whenever the button was released, a buzzer would sound. 
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Baseline Al 
The previously noted smoking frequency data was recorded by all sub-
jects at the beginning of the baseline period and continued throughout 
the study. The length of the baseline (Al) for each subject was deter-
mined by a combination of time and a data stability criterion. The 
subjects were required to have a minimum of three days separation prior 
to the implementing of a new phase. In addition, each subject's percent 
time within 8-12 Hz had to meet a stability criterion. The stability 
criterion was that each subject's mean percent time of 8-12 Hz activity 
for the last session had to be within one standard deviation of the mean 
of the last three sessions. For S2, S3, and Sl the lengths of the base-
lin e were 4, 8, and 11 days respectively. For S4, S5, and S6 the lengths 
of the baseline were 3 , 6, and 4 days respectively (see Appendix H and I). 
During the baseline Al sessions each subject was fitted with the 
physiological electrodes, and told to sit quietly in the chair and rest 
with their eyes open. Subjects were numbered 1, 2, 3, 4, 5, and 6 after 
all the data was collected. The subjects were numbered in this IIBnner 
to allow for easier graphical comparison between the smokers who quit 
smoking and those whJ did not. 
SIIDking B 
During the smoking phase of the experiment, each subject was in-
structed to sit in a chair as in the Baseline Al sessions. The first 
five minutes of physiological data recording for each sJIDking session 
was conducted as before. However, the next five minutes of the session, 
each subject sJIDked a cigarette of his choice, and was requested 
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to inhale the cigarette smoke at a rate which approximated the rate he 
inhaled in the natural environment. At the conclusion of the five 
rn:inute srnok:ing period the subject was told by the experimenter to 
extinguish the cigarette. The subject then remained seated for an 
additional 20 rn:inutes of physiological data recording. The total number 
of smok:ing sessions per subject is shown in Table 1. 
Baseline A2 
Immediately after the srrok:ing phase of the study, the subjects 
were again placed in a second baseline condition identical to that of 
the Baseline Al condition . The nwnber Baseline A2 sessions for each 
subject is shown in Table 1 (Appendix H through N derronstrates the 
Multiple Baseline Design Controls). 
Feedback C: 8-12 Hz Occipital EEG Tra:ining 
The number of 8-1 2 Hz feedback sessions for each subject is located 
in Table 1. Since the basic design of the study was a multiple base-
line, the subjects were introduced to treatment after various anuunts 
of physiological baseline (Al), (A2), and Srnok:ing (B) data were collected: 
S2 after 10 sessions; S3 after 14 sessions; Sl after 17 sessions, 
S4 after 10 sessions, S5 after 14 sessions; and S6 after 10 sessions. 
In general during feedback sessions subjects were instructed to turn 
on the music feedback apparatus in the lab and then attempt to 
generalize their skill to the office, home, etc., and substitute the 
8-12 Hz activity for a cigarette whenever they had the urge to smoke. 
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Table 1 
Phase Sequence for Each Subject 
# of Days Phase 
Subject (Type of Srroker) Sessions In Condition Condition 
1 (Moderate) 1-11 11 Baseline Al 
12-14 3 Srroking B 
(Total 9 days training) 15-17 3 Baseline A2 
18-25 8 Feedback C 
26-33 8 Fadeout D 
3 (Heavy) 1-4 4 Baseline Al 
5-7 3 Srroking B 
8-10 3 Baseline A2 
(Total 14 days training) 11-21 11 Feedback C 
22-29 8 Fadeout D 
4 (Heavy) 1-8 8 Baseline Al 
9-11 3 SITDking B 
12-14 3 Baseline A2 
(Total 20 days training) 15-32 8 Feedback C 
33-40 8 Fadeout D 
4 (Heavy) 1-3 3 Baseline Al 
4-7 4 Smoking B 
8-10 3 Baseline Al 
(Total 20 days training) 11-30 20 Feedback C 
31-38 8 Fadeout D 
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Table 1 (continued) 
# of Days Phase 
Subject (Type of Smoker) Sessions In Condition Condition 
5 O"bderate) 1-6 6 Baseline Al 
7-11 5 Smoking B 
12-14 3 Baseline A2 
(Total 15 days training) 15-38 14 Feedback C 
29-32 4 Fadeout D 
(Death in 
f arnil y, had 
to leave town) 
6 (Moderate) 6-9 4 Baseline Al 
10-14 5 SmoJcing B 
15-18 4 Baseline A2 
(Total 21 days traming) 19-38 20 Feedback C 
39-46 8 Fadeout D 
Fadeout D: 8-12 Hz Occipital EEG Training 
Fadeout Procedures 
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Each subject, upon completing the 8-12 Hz occipital training pro-
cedure, was exposed to an eight day fade out procedure. This phase of 
the experiment was designed to train the subjects to produce the desired 
8-12 Hz physiological change without the aid of audible feedback for the 
entire session. The subjects were told that the feedback fadeout in-
volved increasing the length of time at the end of the session during 
which the subject was to attempt to produce 8-12 Hz activity without 
receiving feedback. For example, each subject began the fadeout 
procedure by receiving six minutes of no feedback at the end of each 
session. Increases in the lengths of time no feedback was given were 
as follows: 
Fadeout Phase Minutes of No Feedback 
Day 1 1 
Day 2 8 
Day 3 10 
Day 4 12 
Day 5 14 
Day 6 16 
Day 7 18 
Day 8 20 
It should be noted that on the f i_nal day of the fadeout (D) phase 
the subjects were exposed to 5 minutes of baseline, 5 minutes of 
feedback, and 20 minutes of no feedback, respectively. 
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Reliability 
Physiological Data 
Reliability of physiological data was established by having an 
independent student observer provide reliability checks on the data 
recorded by the experimenter or another assistant observer. The second 
observer sat in the chamber with the experimenter or another assistant 
observer and .independently recorded physiological data displayed by 
the feedback equipnent's meters (the experimenter was present during 
all observations to assure the observers recorded their data 
independently). For each subject, a minimum of two reliability checks 
were provided during each phase of the study. Therefore, a total of 60 
reliability checks were taken across the six subjects. Of the total 
reliability checks taken, one reliability check was randomly selected 
from each phase for each subject to detennine the average reliability 
taken across subjects. Therefore, a total of 30 reliability checks 
were utilized to determine the reliability of the data. 
The average product moment correlation coefficients across subjects 
were computed for each physiological measure and served as an index or 
reliability. The coefficients were computed by randomly selecting one 
of the reliability sessions per phase per subject and comparing it to 
each of the sixty pri.m:rry observers recordings. Thus, for each subject 
there was a total of five reliability calculations computed per 
physiological parameter. These coefficients were then averaged across 
all six subjects. The coefficients obtained for each measure were: 
percent time within 8-12 Hz activity = . 9546, mean amplitude withi.ri 
8-12 Hz activity= .9774, :rrean frequency within 8-12 Hz activity= .8800, 
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percent time within 12-20 Hz activity= .9560, microvolts of muscle 
tension= .9652, degrees of skin temperature= .9287, indicating a high 
level of inter-observer reliability. The extremely high correlation of 
coefficients are needed to indicate high levels of inter-observer 
reliability. Should below .85 coefficients be obtained the reliability 
of the data possibly should be questioned. The use of the product 
moment correlation to determine reliability of data can be questioned 
since great differences in the observations would be necessary to 
produce low coefficients. However, if extremely high levels of 
correlational coefficients are indicated the possibility of having 
unreliable data is relatively low. 
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RESULTS AND DISCUSSION 
The results of the study are presented in three parts. The first 
part considers the subjects and their physiological parameters as a 
group, while the second part of the analysis focuses on changes in each 
indi vidual subject's physiological responses to the various experimental 
phases. The third part of the analysis is presented in tabular form 
(Appendices H through 0) to demonstrate that the Multiple Baseline Design 
requirerrents were met in this study. The results are presented in this 
manner for several reasons: (1) to aid in identifying the similar 
physiological changes which occur across subjects; (2) to emphasize 
the within-subject physiological differences across parameters that are 
associated with smoking; and (3) to aid in directing the construction 
of future hypothesis which attempted to explain decreases in frequency of 
smoking via a biofeedback approach. Both the group and the individual 
subject results are presented in a sequence to indicate: (1) the 
immediate effect of smoking a cigarette on physiology; (2) the after-
effects of srroking a cigarette on physiology; (3) the 8-12 Hz occipital 
EEG training effect on physiology; (4) the 8-12 Hz occipital EEG training 
fade - out effect on physiology; and (5) the average number of cigarettes 
srroked per day, per phases. 
Results are presented graphically in Figures 5 through 18 (beginning 
on page 92). The third part of the analysis is presented in tabular 
form (Appendices H through 0) to demonstrate that the Multiple 
52 
Basel:ine Design requirements were met in the study. In these figures 
the data po:ints shown represent the means of five-m:inute segments across 
the total number of sessions conducted during the first three phases 
(Baseline Al, Smoking B, and Baseline A2) . For the remain:ing two 
phases (Feedback: C and Fadeout D) the data points shown also represent 
the means of five-minute segments, however, the means are calculated 
from only the last three sessions for each phase. The last three sessions 
were used :in phase C to present the subject's physiological parameters 
at that point in time during training in which the subject was producing 
8-12 Hz activity at a stable percent of time during the session and when 
he has essentially learned the task as well as can be expected with 
the training technique utilized in this study (see Appendices 0-1 through T 
to evaluate acquisition data and to determine the functional re:inforcers 
during feedback) . 1The last three sessions in phase D were used to 
represent more accurately the subject's final physiological parameters 
at the po:int in the Fadeout Phase where he received the least amount of 
feedback for 8-12 Hz activity. In other words, including all the sessions 
from phase C would have deflated the effects of training due to the 
subject's inability to produce high percentages of 8-12 Hz activity 
on the first few days of training. Likewise, including all the sessions 
from phase D would have inflated the effects of the fadeout procedure 
because the subject was not totally absent from feedback at all periods 
of the fadeout. 
Another note should be mentioned prior to interpreting the data. 
When reading the graphs within each phase, it should be noted that the 
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data presented represent the average picture of a particular physiological 
parBII1eter across the number of sessions conducted within that phase and 
that the gray area on the figures represents the variability across the 
sessions (standard deviation). Especially during the smoking phase 
(Phase B), it should be pointed out that this study investigated the 
effects of ingesting a small dosage of a drug (e.g., nicotine, etc.) on 
a particular physiological parameter for different subjects who have 
different body structures, weights, sTIDking histories, etc. Thus, it 
should be expected that for some subjects the effects of sTIDking on 
physiology will be short term and for some other subjects it will be long 
lasting, depending on the physical characteristics of the subject. This 
is the main reason why the data is presented in a manner to demonstrate 
the changes in physiology within sessions per phase (as is indicated 
in Figures 5 through 18) instead of across individual sessions as is 
presented in Appendix 0-1 through T. 
The following is a descri~tion of how the graphs are interpreted 
(the top panel of Figure 5 is used for reference, see page 93): 
(1) The immediate effects of smJking a cigarette are determined 
by comparing the second data point, ITB.rked "X", in the Smoking (B) 
phase to the first data point in the Smoking (B) phase (readin g the 
graphs from left to Pight) and to the second data points in both the 
Baseline (Al) phase and the Baseline (A2) phase. 
(2) The after effects of smoking a cigarette are determined by 
comparing the last four data points in the Smoking (B) phase to the 
last four data points in the Baseline (Al) and Baseline (A2) phase. 
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(3) The 8-12 Hz occipital EEG activity training effect is deter-
mined by comparing the last 5 data points in Feedback (C) phase to the 
last 5 data points in the Baseline (Al) and Baseline (A2) phases. 
(4) The 8-12 Hz occipital EEG training fadeout effect is deter-
mined by comparing the last three data points in the fadeout (D) phase 
to the last three data points in the Baselin (Al), Baselin (A2), and 
Feedback (C) phases. The last three data points of the Fadeout phase 
were used to detennine whether or not the subject could increase his 
8-12 Hz activity without the use of the biofeedback equipment. These 
data points were used because they represent the only data with no 
audible feedback presented. 
(5) The average number of cigarettes smoked per day, per phase is 
determined by calculating the total number of cigarettes smoked while 
a subject was exposed to the conditions of a particular phase and then 
dividing that figure by the total number of days the subject was exposed 
to the phase condition. These data are shwon in Table 2, (refer to 
page 90). 
Consistent Physiological Changes Across Subjects 
In general, the smokers utilizeG in this study produced: decreases 
in 8-12 Hz activity (Ss 1, 2, 3, 4, 5, and 6) increases in 4-8 Hz 
activity (Ss 1, 2, 3, 4) and increases in heart rate during the five 
minute period while they actually smoked a cigarette (Ss 1, 2, 3, 4, 5, 
6). Imnediately after the smoking of a cigarette (i.e., within 20 min-
utes after extinguishing the cigarette) subjects 1, 2, 3, 5, and 6 demon-
strated a continual increase in their heart rates while subjects 1, 4, 5, 
and 6 demonstrated a decrease in their skin temperature. The direction of 
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the brain wave patterns as a result of smoking for four possibly five 
of the s.rrokers is in a slowing-down direction (Ss 1, 2, 3, 5, and possibly 
subject 4) while for subject 6 there is a speeding-up of the brain waves. 
The terms "slowing-down" and "speeding-up" are utilized to indicate 
a general shift of a subject's percent of time producing one range of 
Hz activity into another range of Hz activity. For example, subject 1 
is approxirrately producing 8-12 Hz activity 75% of the time, 4-8 Hz 
activity 10% of the time, and 12-20 Hz activity 15% of the time during 
Baseline Al, and A2 periods. Now suppose the subject is asked to srroke 
a cigarette (B phase). After the srroking of a cigarette it is noted that 
his percent of time producing 8-12 Hz activity increases to 80% of the 
time while his 4-8 Hz activity decreases to 5% of the time and his 
12-20 Hz activity remains relatively unchanged at 15% of the time 
(note that subject one's data indicates a slight decrease in 12-20 Hz 
activity, which could indicate that his brain wave pattern shifts .rrore 
towanis the 8-12 Hz range, subtracting from both the 12-20 Hz and 4-8 Hz 
range). This would indicate a "speeding-up" of the brain waves. If 
the subject's percent of time producing 4-8 Hz activity had increased 
and his 8-12 Hz activity had decreased, then the brain wave pattern would 
have been considered to have "slowed-down". It should be noted that 
there is a possibility that a subject could produce an initial irslowing-
down" or "speeding-up" of the brain waves while srroking with a total 
reverse of the brain wave pattern's direction occuring immediately 
after the srroking of a cigarette ( e. g. , subjects 1 and 5) . For the 
purpose of this study the direction of the brain wave pattern i.rnrrediately 
after the sooking of a cigarette is considered the most important because 
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the data in this study :indicates the immediate effect of sooking to be 
short lived. The author has also purposely not attempted to operationally 
define "slowing-down" or "speeding-up" of the brain waves for this 
study. The EEG data to date are not sophisticated enough to deternune 
whether a 2% directional change in a brain wave pattern is relevant 
or if a 20% change is needed to prDduce significant changes in cigarette 
sooking frequency. Additional replication of this study will result 
in adding inforrrBtion to justify the construction of a data based 
operational definition of "slowing-down" and "speeding-up". In addition, 
it should be noted that the pre-post blood pressure data per phase 
revealed no significant changes in blood pressure as a result of smoking 
or treatment and thus will not be discussed. The data are, however, 
available in Appendix G. 
In reviewing the group changes rrore specifically, the data 
indicated that of the six srrokers, subjects demonstrated the following 
physiological changes while actually smoking one cigarette. It should 
be pointed out that the imnediate effect of smoking a cigarette is 
determined by comparing the second data point, marked "X", in the 
Smoking (B) phase to the first data point in the Smoking CB) phase 
to the second data points in both the Baseline (Al) phase and the 
Baseline (A2) phase. The imnediate effect of smoking a cigarette data 
indicated that the percent of time within the 8-12 Hz activity range 
decreased (Figure 5, Subjects 1 , 2, 3, 4, 5, and 6) and that the 
percent of time within the 4-8 Hz activity range increased (Figure 8, 
Subjects 1, 2 , 3 and 4) . 
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Irrurediately after the smoking of one cigarette (the after-effects 
of smoking a cigarette is determined by comparing the last four data 
points in the Smoking (B) phase to the last four data points in the 
Baseline (Al) and Baseline (A2) phases), five of the smokers increased 
their heart rates (Figure 11, Subjects 1, 2, 3, 5, and 6) and four 
subjects shewed a decrease in their skin temperature -(Figure 12, Subjects 
1, 4, 5, and 6). There weren't any specific consistent Hz brain wave 
changes across the subjects . For example: Subjects 2, 3, and 4 increased 
their 4-8 Hz activity (Figure 8); Subjects 1 and 5 increased their 
8-12 Hz activity (Figure 5), and Subject 6 increased his 12-20 Hz 
activity (Figure 9). However, there was a general slowir1g drn-m in the 
cycles per second level for four possibly five of the smokers (Subjects 
1, 2, 3, 5, and possibly 4) with one subject (Subject 6) displaying 
a speeding-up pattern in his brain waves (Figure 13 through 18, note that 
all EEG graphs will be discussed in more detail in the individual subject 
data which follows). 
During the 8-12 Hz occipital EEG training feedback Phase (C), 
when the sJTDkers were given music feedback whenever they produced 
8-12 Hz occipital EEG activity, four of the six smokers learned to 
increase the percent of time spent producing 8-12 Hz activity compared 
to their baseline levels (Figure 5, Phase (C), Subjects 1, 2, 5, and 
6). (Note that the 8-12 Hz occipital EEG training effect is determined 
by comparing the last five data points in the Baseline (Al) and Baseline 
(A2) phases to the last five data points in the feedback (C) phase). 
During the 8-12 Hz occipital EEG training Fadeout Phase (D) 
two of these four smkers were able to continue producing high levels 
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of 8-12 Hz activity without the use of the biofeedback equipment 
(Figure 5, Phase D, Subjects 1 and 2). (The 8-12 Hz occipital EEG 
training fadeout effect is determined by comparing the last three data 
points in the Fadeout (D) phase to the last three data points on the 
Baseline (Al), Baseline (A2) and Fadeout (C) phases.) Subject Five's 
fadeout data also appears to indicate that he was able to produce slightly 
higher than Baseline (Al) or (A2) levels of 8-12 Hz activity without 
the use of the biofeedback equipment (Figure 5, Subject 5, Phase D) 
however, this level is extrerrely inflated due to the subject's receiving 
only four days of fadeout training. Due to personal family problems the 
subject was forced to lea ve the experiment prematurely and thus, his 
fadeout data only reflects a time period of approximately ten minutes 
at the end of the session at which time he was receiving no music 
feedback. A more representative indication of subject five's ability to 
produce 8-12 Hz activity without the use of the biofeedback equipment is 
located in the first 5-minute baseline data point of the phase (Figure 5, 
Subject 5, Phase D). It is conc luded from this inforrrati on that Subject 
Five had not acquired the ability to control his 8-12 Hz activity level 
without the use of the biofeedback equipment. 
In summary, the data indicated that of the six subjects, Subjects 
1 and 2 were the only tv.io who were able to produce a higher percent 
of time of 8-12 Hz occipital EEG activity at the conclusion of the 
study, as compared to their previously deoonstrated baseline levels. 
These smokers (Subjects 1 and 2) had quit srroking c±garettes completely 
at the end of the 'Six-m::mth foll-ow-up period (Table 2) . These two 
srrokers were contacted by phone at the eight-oonth follow-up period 
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and reported that they were still abstaining from any cigarette smoking. 
The four smokers who could not increase their 8-12 Hz waves without the 
use of the biofeedback equipment only decreased their frequency of 
cigarette smoking at the 6 month follow-up period as follows: Subject 3, 
fran 38 to 15 cigarettes smoked per day; Subject 4, from 50 to 44 
cigarettes smoked per day; Subject 5, from 18 to 15 cigarettes smoked 
per day; and Subject 6, from 17 to 10 cigarettes smoked per day. 
AJ3 to why Subjects 3 and 6 showed a moderate decrease in their 
smJking frequency, the author can only speculate that it was due to sorre 
specific individual physiological change that occurred as a result of 
8-12 Hz activity training and fadeout procedures or that the decrease 
was due to sane other variable such as: the self-recording procedures 
(possibly subject 5); the subject's expectation to decrease smoking; 
the placebo effect of seeing all the biofeedback equipment; the subject's 
smJking history or whatever. 
One additional point concerning the group data should be brought 
up prior to proceeding on to the individual subject data. Across the 
majority of the srrDkers it was noted that there were extrerne amounts 
of Vru'iability (Standard Deviation) in some parameters, especially 
the rruscle tension data. It was concluded that this was due to the 
subject's eye movement as a result of allowing hj1n to keep his eyes open 
throughout the study. 
Individual Subject's Physiological Changes 
The individual subject's physiological changes during each phase 
are presented for four reasons: (1) to present information concerning 
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how sooking a cigarette affects physiological pararreters differently 
for different subjects; (2) to present information concerning how the 
training of 8-12 Hz activity affects other physiological parameters; 
(3) to aid in analyzing possible reasons for why sorre sookers decreased 
the frequency of cigarette smoking more than other srrokers; and (4) to 
aid in directing the construction of new hypotheses which attempt to 
explain decreases in the frequency of cigarette smoking via a bio-
feedback approach. 
The individual subject's physiological data to be discussed are 
presented in Figures 13 through 18 (refer to page 109). The data in these 
are taken from the data in Figures 5 through 12 and are rearranged to 
simplify comparisons across physiological parameters within a subject. 
Due to the enon110us aITDunt of data only the individual subject's 
physiological para.rreters which deimnstrate some apparent significant 
change as a result of sITDking or training will be discussed. Those 
parameters which fluctuate only a srrall degree, do not fluctuate at 
all, or have unstable baselines will usually not be discussed. The 
direction and degree of change for each physiological parameter during 
and .inmediately after the smoking of a cigarette were determined by 
making comparisons to the first five-minute baseline data point in the 
Srroking (B) Phase and ' to the subject's overall physiological patterns 
demonstrated in the Baseline (Al) and (A2) Phases. The direction 
and degree of change in the physiological pararreters during the 
Feedback (C) and Fadeout (D) Phases were determined by making comparisons 
to the mean levels in the Baseline (Al) and (A2) Phases. For the EEG 
percent Hz activity data a generB.l criteria for discussing thE, degree 
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change will be as follows: 2% to 4% change equals a slight change; 
5% to 9% change equals a moderate change; and, a 10% or greater change 
equals a large change. If there appears to be either an increase or 
decrease in the data, but the baseline data graphs demonstrate unstability 
then the term "increase" or "decrease" will be used independent of slight, 
moderate, or large. There is no data available to justify the use of 
operationally defining these degrees of changes as slight, moderate or 
large, however, it does clarify the use of terms for this study. The 
degree of change for the heart rate, skin temperature, amplitude, and 
frequency will be presented only in terms of increase, decrease, or 
no change. 
Subject One (Figure 13) 
While smoking a cigarette (represented graphically by point "X'' 
ll1 Phase B) Subject One produced an increase in 4-8 Hz activity 
(Panel 2, Phase B), a moderate decrease in 8-12 Hz activity (Panel 1, 
Phase B) and an increase in 12-20 Hz activity (Panel 3, Phase B), 
compared to the second data points in Baseline A(l) and A(2) phases and 
the first data point in the B Phase. Both the subject's muscle tension 
(Panel 4, Phase B) and heart rate (Panel 5, Phase B) increase while 
his amplitude and frequency of 8-12 Hz activity either' did not change 
or had unstable baselines which hindered interpreting the data. 
Within a 20 minute time span after smoking a cigarette (which 
is represented graphically by the four data points which follow the 
"X" data point ll1 Phase B) Subject One produced: (1) an initial 
large increase ll1 8-12 Hz activity which lasted for approx:inately a 
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ten-minute period and then recovered towards its five-minute baseline 
level (Panel 1, Phase B); (2) an initial large decrease in 12-20 Hz 
activity followed by a return towards baseline (Panel 3, Phase B); 
(3) a slight decrease in 4-8 Hz activity which also returned towards 
baseline levels as the effect of smoking wore off (Panel 2, Phase B): 
and ( 4) an increase in the frequency of 8-12 Hz activity which rerrained 
above baseline levels throughout the session (Panel 8, Phase B). 
Subject One's heart rate increased and rerrained above Baseline (Al) and 
(A2) levels throughout the rerraining 20 minutes of the session (Panel 5, 
Phase B). His skin tempere.ture initially decreased and rerrained lower 
than both Baseline (Al) and (A2) Phases (Panel 6, Phase B). Subject 
One' s demonstrated EEG pattern shift , which occurred immediately after 
the smoking of a cigarette, suggests that he neither sn10ked to speed 
up his brain waves or slow them down. What is concluded is that smoking 
merely increased Subject One's 8-12 Hz brain waves, which is sometimes 
referred to in the literature as increasing one's alpha-state, and which 
is associated with an awake, rrentally relaxed state. 
During the 8-12 Hz Feedback (C) Phase of the experiment, (compare 
the last five data points in the Feedback (C) Phase to the last five 
data points in the Baseline (Al) and (A2) Phases), Subject One showed 
the following changes: (1) percent time 8-12 Hz activity rnoderately 
increased and stabalized (Panel 1, Phase C); (2) percent time 4-8 Hz 
activity rerrained unchanged (Panel 2, Phase C): (3) percent time 12-20 
Hz activity moderately decreased and stabalized (Panel 3, Phase C); 
(4) muscle tension rerrained unchanged (Panel 4, Phase C): (5) heart 
rate decreased (Panel 6, Phase C); (6) skin temperature increased 
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(Panel 6, Phase C); (7) amplitude of 8-12 Hz activity rerrained unchanged 
(Panel 7, Phase C); and (8) frequency of 8-12 Hz activity decreased 
(Panel 8, Phase C). Thus, during the Feedback Training Phase (C) 
Subject One was successful in increasing his 8-12 Hz activity when feed-
back was provided. In conjunction with his increase in 8-12 Hz activity 
Subject One's heart rate decreased, his skin temperature increased, 
and his 12-20 Hz activity decreased. All of these physiological changes 
are in the direction which is typically assumed to derronstrate a more 
relaxed physiological pattern. 
Upon conclusion of the 8-12 Hz occipital EEG training Fadeout 
Phase (D), (compare the last three data points in the Fadeout (D) Phase 
to the last three data points in the Baseline (Al), (A2), and Feedback 
(C) Phases) Subject One's 8-12 Hz activity showed a large increase 
(Panel 1, Phase D), 12-20 Hz activity (Panel 3, Phase D) demonstrated 
a large decrease and 4-8 Hz activity (Panel 2, Phase D) slightly decreased, 
Subject One's heart rate increased above Baseline (Al) and (A2) levels 
(Panel 5, Phase D). Thus, Subject One's (Fadeout D) data indicated 
that he had learned to increase his percent tine of 8-12 Hz activity 
without the use of the biofeedback equipment. In conjunction with a 
large increase in 8-12 Hz activity Subject One produced large decreases 
in his 12-20 Hz activity and increases in his heart rate. It should be 
noted that these three physiological changes which occurred when 
Subject One increased his 8-12 Hz activity also changed in the sane 
direction after Subject One finished the smoking of a cigarette. 
A look at Subject One's frequency of cigarette smoking (Table 2) 
indicates tr,at he abstained from smoking at: the 3 month follow-up 
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point, during which time he recorded his daily cigarette consumption 
seven days a week; the 6-mnth follow-up point, during which time he 
recorded his cigarette conswnption for one, randomly chosen day a week; 
and, at the 8-rnonth follow-up point, when he discontinued the use of any 
form of self-recording procedure. The 8-rronth follow-up was conducted 
by phone. 
Subject Two (Figure 14) (refer to page 111) 
During the actual smoking 6f a cigarette, Subject Two produced: a 
large decrease in 8-12 Hz activity (Panel 1, Phase B); a large increase 
in 4-8 Hz activity (Panel 2, Phase B); no change in 12-20 Hz activity 
(Panel 3, Phase B) and, an increase in heart rate (Panel 5, Phase B). 
Both frequency of 8-12 Hz activity (Panel 8, Phase B) and skin temperature 
(Panel 6, Phase B) did not change while the amplitude of 8-12 Hz activity 
baselin e data was not stable enough to permit clear interpretation 
(Panel 7, Phase B). Muscle tension (Panel 4, Phase B) possibly increased, 
but the variabilit y was so great during this Phase (B) and the following 
Baseline Phase (A2) that little can be concluded. 
In the next 20 minutes after he smoked a cigarette, Subject Two 
produced: (1) a slight decrease in 8-12 Hz activity, which rerrained 
below the mean Baseline (Al) and (A2) levels throughout the session 
(Panel 1, Phase B); (2) a moderate increase in 4-8 Hz activity, which 
rerrained above all baseline levels (Panel 2, Phase B); and (3) a slight 
decrease in 12-20 activity, which also remained below the mean Baseline 
(Al) and (A2) levels (Panel 3, Phase B). His heart rate initially 
increased, but then returned to baseline levels (Panel 5, Phase B) 
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and his skin temperature increased and rerrained above baseline levels. 
Subject Two's amplitude of 8-12 Hz activity initially decreased and 
then returned towards Baseline (Al) and (A2) levels (Panel 7, Phase B). 
The frequency of 8-12 Hz activity rerrained unchanged (Panel 8, Phase B) 
and muscle tension's standard deviation again varied to an extent which 
made the data uninterpretable (Panel 4, Phase B). Thus, Subject Two's 
data .indicated that when he sooked a cigarette and imnediately after 
the sooking of a cigarette his brain wave activity slowed down from 
that of 8-12 Hz activity to that of 4-8 Hz activity. His heart rate 
speeded up and his skin temperature increased. 
During the 8-12 Hz occipital EEG Feedback Phase of the experi.rnent 
Subject Two's: percent time of 8-12 Hz activity largely increased 
(Panel 1, Phase C); percent time 4-8 Hz activity slightly decreased 
(Panel 2, Phase C); percent time 12-20 Hz activity slightly decreased 
(Panel 3, Phase C); and, TID.lscle tension was again quite variable, however, 
there appeared to be a decrease in the mean level (Panel 4, Phase C). 
Both heart rate (Panel 5, Phase C) and skin temperature showed a large 
increas e (Panel 6, Phase C). Amplitude of 8-12 Hz activity increased 
(Panel 7, Phase C), and frequency of 8-12 Hz activity showed a decrease 
(Panel 8, Phase C). 
Thus Subject Two was successful in increasing his 8-12 Hz activity 
when feedback was provided. Rerrarkably, when he increased the percent 
of time of 8-12 Hz activity he also altered all of the other physiological 
parameters, most of which were in the direction of producing a more 
relaxed state (i.e., muscle tension decrease, skin temperature increase, 
8-12 Hz activity increase, etc.). 
Upon conclusion of the 8-12 Hz occipital EEG training Fadeout 
Phase (D) Subject Two rraintained a rroderately high level of 8-12 Hz 
activity above Baseline (Al) and (A2) levels (Panel 1, Phase D); his 
heart rate (Panel 5, Phase D), skin temperature (Panel 6, Phase D), 
and arrplitude of 8-12 Hz activity (Panel 7, Phase D) rerrained above 
Baseline (Al) and (A2) levels. He rraintained low levels of 4-8 Hz 
activity (Panel 2, Phase D), 12-20 Hz activity (Panel 9, Phase D), 
muscle tension (Panel 4, Phase D), and frequency of 8-12 Hz activity 
(Panel 8, Phase D). 
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Therefore, Subject Two's Fadeout (D) Phase data indicated that he 
had acquired the ability to increase his 8-12 Hz activity without the 
use of biofeedback. When he increased his 8-12 Hz activity without the 
use of biofeedback he again simultaneously alter€d all of the other 
physiological parameters, the majority of which were in the direction 
which also is suggestive of maintaining a relaxed state. It should 
also be noted that three of these alterations in physiology were in the 
same direction that was recorded when he smoked a cigarette (i.e., 
12-20 Hz decreased, heart rate increased, and skin temperature increased). 
Subject Two's smoking data indicated that he had quit smoking at 
the 3-montn, 6-month, and 8-rronth follow-up periods. However, there 
is sorre questions as to why Subject Two quit smoking after he was provided 
with 8-12 Hz feedback training, when in fact, he produced a 4-8 Hz 
activity increase after smoking a cigarette. Although he did not 
produce an increase in 8-12 Hz activity as a result of smoking, the 
incre ase he produced in 4-8 Hz activity does suggest a general slowing 
down of his brain waves. 
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Subject Three (Figure 15) (refer to page 113) 
While Subject Three was smoking a cigarette he produced a moderate 
mcrease in 4-8 Hz activity (Panel 2, Phase B), a slight increase in 
12-20 Hz activity (Panel 3, Phase B), and an increase in heart rate 
(Panel 5, Phase B). Subject Three's 8-12 Hz activity decreased largely 
(Panel 1, Phase B) and his amplitude of 8-12 Hz activity (Panel 7, 
Phase B) decreased. Subject Three's mean skin temperature was above 
Baseline (Al) and (A2) levels, however, the initial five minute baseline 
period, which was recorded at the beginning of the SJJDking Phase, was 
also above the first five minute data point of the Baseline (Al) and 
(A2) Phases, so directional interpretations are not possible. There 
was no apparent change in Frequency of 8-12 Hz activity, and muscle tension 
data again demonstrated some degree of variability, so directional 
data interpretation were not possible . 
Shortly after smoking a cigarette Subject Three produced: 
(1) an initial slight increase m 12-20 Hz activity (Panel 3, Phase B) 
and a JJDderate increase in 4-8 Hz activity (Panel 2, Phase B) which 
lasted for approximately five to ten minutes and then demonstrated a 
recovery towards baseline; (2) an increase in heart rate, which remained 
throughout the session (Panel 5, Phase B); (3) an increase in skin 
temperature, which rema.in.ed throughout the session (Panel 6, Phase B): 
(4) an increase in the average frequency of 8-12 Hz activity, which was 
maintained for the remainder of the session, but wh~ch appeared to 
recover slightly towards baseline (Panel 8, Phase B); and (5) an initial 
moderate decrease in 8-12 Hz activity with a recovery towards baseline 
imnediately after the sJJDking of a cigarette was completed (Panel 1, 
Phase B). The subject's amplitude of 8-12 Hz activity Baseline (A2) 
Phase was not stable enough for clear interpretation of the data. 
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Thus, when Subject Three srmked a cigarette and for a short period 
thereafter, his brain wave activity shifted out of the 8-12 Hz range 
and into the 4-8 Hz and 12-20 Hz range with the predominate pattern 
shifting towards the 4-8 Hz range indicating a slowing down of his 
brain waves. His heart rate , skin temperature, and frequency of 8-12 
Hz activity also increased shortly after the cigarette had been srroked. 
Upon conclusion of the training Fadeout Phase (D), Subject Three's 
brain waves had not changed as compared to the Baseline (Al) and (A2) 
Phases (Panels 1, 2, and 3, Phase D), but his ITil.lscle tension had 
decreased (Panel 4, Phase D) and his heart rate (Panel 5, Phase D), 
skin temperature (Panel 6, Phase D), frequency of 8-12 Hz activity 
(Panel 8, Phase D) and amplitude of 8-12 Hz activity (Panel 7, Phase 
D) had increased. 
It should be noted that the increase in his heart rate and in the 
frequency of 8-12 Hz activity paralleled both of those changes in 
the same physiological parameters recorded shortly after he had srroked 
a cigarette. His amplitude of 8-12 Hz activity could possibly have 
increased, but the elevated (A2) Baseline Phase as compared to the (Al) 
Phases rrakes the interpretation of the increased level in Fadeout 
Phase difficult. Thus, Subject Three did not learn to increase his 
8-12 Hz activity, (but when he attempted to do so) he produced changes 
in three other parameters which changed in the same direction as did 
his physiological parameters when he had finished smoking. 
Examination of Subject Three's cigarette smoking data indicated 
that his frequency had decreased by 61% at the completion of the 
study, from 38 to 15 cigarettes per day. 
Subject Four (Figure 16) (refer to page 115) 
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While smoking a cigarette Subject Four produced a moderate increase 
in 4-8 Hz activity (Panel 2, Phase B) and a slight increase in 12-20 Hz 
activity (Panel 3, Phase B). This subject's skin temperature (Panel 6, 
Phase B) decreased and his percent of time producing 8-12 Hz activity 
moderately decreased (Panel 1, Phase B). His heart rate (Panel 5, 
Phase B) and frequency of 8-12 Hz activity (Panel 8, Phase B) did not 
change during srroking. Subject Four's amplitude of 8-12 Hz activity in 
the Baseline (A2) Phase did not return to the Baseline (Al) Phase level 
so data interpretation was impossible (Panel 7, Phase B). The subject's 
muscle tension increased, but the variab i lity of this measure was 
considerable (Panel 4, Phase B). 
Thus, Subject Four' s data indicated that when he is smoking a 
cigarette his brain wave pattern shifts into the 12-20 Hz range and 
4-8 Hz range, with the rrajority of the shift in ,the 4-8 Hz range. 
Upon completion of smoking a cigarette and within 20 minutes 
after smoking, Subject Four produced initial slight decreases m: 
8-12 Hz activity (Panel 1, Phase B); muscle tension (Panel 4, Phase B); 
and skin temperatur'e (Panel 6, Phase B) as compared to his first five 
minute baseline data point of the phase. All of thE:se parameters 
recovered however towards their initial Baseline levels by the end 
of the session. Although the Baseline (A2) Phase of the 4-8 Hz 
activity data (Panel 2, Phase B) had not recovered to the Baseline 
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(Al) Phase level, it is suggested that Subject Four's activity initially 
increased as compared to the first data part of the Baseline and the 
overall level was higher than in the baseline (Al) phase (Panel 2, 
Phase B). His heart rate appeared to have increased (Panel 5, Phase B) 
while his 12-20 Hz activity (Panel 3, Phase B) and frequency of 8-12 Hz 
activity had not changed (Panel 8, Phase B). 
The 8-12 Hz training data (Panel 1, Phase C) indicated that Subject 
Four did not learn to increase his 8-12 Hz activity and had not altered 
his brain wave activity in any distinguishable manner with the exception 
of a large increase in amplitude of 8-12 Hz activity (Pan.el 7, Phase C) 
and a slight decrease in his frequency of 8-12 Hz activity (Panel 8, 
Phase C). Correlated with these changes is a sharp decrease in his 
muscle tension (Panel 8, Phase C) and an increase in his heact rate 
(Panel 5, Phase C). 
Upon completion of the 8-12 Hz occipital EEG training Fadeout 
Phase Subject Four ' s: (1) 4-8 Hz activity showed a drarratic increase 
(Panel 2, Phase D); (2) heart rate increased (Panel S, Phase D); 
amplitude of 8-12 Hz activity has increased (Panel 7, Phase D); 
8-12 Hz activity had decreased (Panel 1, Phase D); 12-20 Hz activity 
has decreased (Panel 3, Phase D); and the average frequency of 8-12 Hz 
activity has slightly decreased (Panel 8, Phase D). Due to the sleep 
alert sounding twice while Subject Four was in Phase D of the experiment 
these changes in physiology were probably due to the subject's falling 
asleep. 
In general, immediately after the sITDking of a cigarette, Subject 
Four's brain wave shift is exclusively in the 4-8 Hz activity range. 
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Upon completion of the Fadeout Phase, Subject Four's data indicate that 
he has not learned to increase his 8-12 Hz activity during training and 
he has probably fallen asleep occasionally during the Fadeout Phase. 
It is interesting to note that two physiological pararrEters changed in 
the sane direction during training fadeout (Phase D) as did his 
physiological parameters shortly after he completed the srroking of a 
cigarette (8-12 Hz activity decrease and 4-8 Hz activity increase). 
Subject Four's frequency of cigarette smoking had decreased 12% at the 
completion of the study, frDIIl 50 to 44 cigarettes per day. 
Subject Five (Figure 17) (refer to page 117) 
During the srroking of a cigarette Subject Five produced: increases 
in heart rate (Panel 5, Phase B), amplitude of 8-12 Hz activity (Panel 7, 
Phase B), and in muscle tension (Panel 4, Phase B). He als o showed a 
slight decrease in 8-12 Hz activity (Panel 1, Phase B); and, what 
appeared to be an increase in the skin temperature, as compared to the 
initial five minute baseline period w:.thin the smoking phase, but an 
overall decrease in skin temperature as compared to the Baseline (Al) 
and (A2) levels (Panel 6, Phase B). 
Shortly after the srroking of a cigarette Subject Five produced: 
(1) a continuous large increase in 8-12 Hz activity (Panel 1, Phase B); 
(2) an increase in heart rate, which returned towards base line levels 
(Panel 5, Phase B); ( 3) a continual large decrease in 4-8 Hz activity 
(Panel 2, Phase B); (4) a slight decrease in 12-20 Hz activity with 
a recovery towards baseline at the end of the session (Panel 2, 
Phase B) ; ( 5) a clear decrease in rruscle tens :.on, which also recovers 
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towards baseline by the end of the session (Panel 5, Phase B); 
(6) a decrease in skin temperature (Panel 6, Phase B); and (7) an 
imnediate short period increase in the amplitude of 8-12 Hz activity, 
which recovers approxirrately ten minutes after the sITDking of a cigarette 
and then proceeds to go below baseline levels (Panel 7, Phase B). 
During the training phase, Subject Five deITDnstrated a moderate 
increase in his 8-12 Hz activity over baseline levels (Panel 1, Phase C). 
His JIIllscle tension decreased (Panel 4, Phase C) and his heart rate 
increased (Panel 5, Phase C), while his skin temperature increased 
above his Baseline (A2) Phase, but only slightly above his (Al) Phase 
(Panel 6, Phase C). 
Upon conclusion of the 8-12 Hz occipital EEG training Fadeout Phase 
Subject Five's: 8-12 Hz activity had increased (Panel 1, Phase D); 
his heart rate had increased (Panel 5, Phase D); and his amplitude of 
8-12 Hz activity had increased slightly (Panel 7, Phase D). Note 
however, that Subject Five was not able to complete the last four days 
of the Fadeout Phase. Thus, it was concluded that these findings were 
inflated (e.g., the data suggests that Subject Five could control his 
8-12 Hz activity without feedback, when in fact he could not) due to 
the fact that the most tim2 that he received no feedback was 12 minutes. 
During the training phase, Subject Five learned to increase his 
8-12 Hz activity during training, however, it is questionable whether 
he still retained the ability to do so during the Fadeout procedure. 
It is interesting to note that two physiological parameters changed 
in the same direction shortly after he had completed the srroking of a 
cigarette (8-12 Hz activity increased and heart rate increased) as 
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they did when he increased his 8-12 Hz activity. The author is 
cautious in interpreting these results due to the lack of a completed 
Fadeout Procedure. Subject Five's srroking frequency data indicated 
that he had decreased his sooking frequency 17% at the completion of 
the follow-up period, from 18 to 15 cigarettes per day. 
Subject Six (Figure 18) (refer to page 119) 
While Subject Six srroked a cigarette he produced: a large increase 
in 12-20 Hz activity (Panel 3, Phase B); an increase in heart rate 
(Panel 5, Phase B); a moderate decrease in 8-12 Hz activity (Panel 1, 
Phase B); a decr'ease in muscle tension (Panel 4, Phase B); and, a 
decrease in skin temperature (Panel 6, Phase B). 
Within a 20 minute time period after smoking a cigarette Subject 
Six produced: (1) an initial moderate increase in 12-20 activity, 
which recovered towards baseline levels by the end of the session 
(Panel 3, Phase B); (2) an initial increase in heart rate, which also 
recovered towards baseline (Panel 5, Phase B); (3) a rroderate decrease 
in 8-12 Hz activity, which recovered towards baseline levels (Panel 1, 
Phase B): and, (4) a decrease in skin temperature, which remained below 
baseline levels throughout the session (Panel 6, Phase B). There also 
appeared to be an initial increase in frequency of 8-12 Hz activity which 
recovered towards baseline approximately ten minutes after he had smoked 
a cigarette. 
During the 8-12 Hz Feedback Phase of the experiment Subject Six 
moderately increased his 8-12 Hz activity (Panel 1, Phase C). In 
conjunction with the increase of his 8-12 Hz activity Subject Six's 
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temperature in creas ed (Panel 6, Phase C) and his frequenc y of 8-12 Hz 
activity decreased slightly (Panel 8, Phase C). Muscle tension possibly 
decreased, however, since the mean of Baseline (A2) did not return to 
the mean Baseline (Al) level, and because of the extreme variability 
in the Baseline (A2) Phase the author is cautious in rraking this 
interpretation (Panel 4, Phase C). The amplitude of 8-12 Hz activity 
mean data also deIIDnstrated a lack of return of Baseline (A2) to the 
mean level of Baseline (Al) (Panel 7, Phase·c). 
After completing the 8-12 Hz occipital EEG training Fadeout Phase 
Subject Six's: 4-8 Hz activity increased largely as compared to 
Baseline (Al) and (A2) Phase s (Panel 2, Phase D); skin temperature 
increased (Panel 6, Pha se D), but was slightly lower than in the trainin g 
phase ; 12-20 Hz activity decreased JIDderately (Panel 3, Phase D); muscle 
tension decreased (Panel 4, Phase D); heart rate decreased (Panel 5, 
Phase D); and, frequency of 8-12 Hz activity decreased (Panel 1, Phase D). 
Both muscle tension, which has been discussed above, (Panel 4, Phase D) 
and the amplitud e of 8-12 Hz activity (Panel 7, Phase D), have mean 
Baseline (A2) levels which did not return to Baseline (Al) levels so 
interpretation of these data is difficult. 
It is important to notE that when Subject Six was proceeding through 
the Fadeout Phase he produced an increase in his 4-8 Hz activity. In 
conjunction with his 4-8 Hz activity increasing largely he also produced 
a JIDderate 12-20 Hz decrease, a muscle tension decrease and a heart rate 
decrease. His skin temperature increased and his frequency of 8-12 Hz 
activity decreased. None of these physiological pararreters changed m 
the same direction when he sIIDked, with the possible exception of a 
decrease in his muscle tension. It should also be noted that Subject 
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Six reported to the author that during the 6-month follow-up period 
he and his wife relocated their living quarters with relatives, where 
smoking was not permitted in the house. Subject Six stated that he 
believed this accounted for some decrease in his cigarette srroking 
frequency. Subject Six's smokmg frequency data indicated that he 
decreased his srrokmg frequency 41%, from 17 to 10 cigarettes per day. 
An overall S1.lJill1ElrY of the data indicates the following general 
findings for each subject: 
Subject One's average smoking rate was 17 cigarettes per day at the 
beginning of the study. His 8-12 Hz activity increased moderately as 
a result of smoking, indicating that his brain waves were slowing down. 
At the completion of the stud y Subject One showed that he could increase 
his 8-12 Hz activity largel y without biofeedback. In conjunction with 
his 8-12 Hz activity alteration, his heart rate and 12-20 Hz activity 
changed in the same direction at the completion of the study as it did 
as a result of smoking a single cigarette. Subject One quit smoking. 
Subject Two's average number of ci garettes smoked per day was 38 
at the beginning of the study. His 4-8 Hz activity increased moderately 
as a result of smoking, thus his brain waves slowed down. At the 
completion of the Fadeout Phase, Subject Two was successful in increasing 
his 8-12 Hz activity moderately. As he increased his 8-12 Hz activity 
moderatel y he also decreased his 12-20 Hz activity slightly, increased 
his heart rate, and increased his skill temperature. These physiological 
parameters changed in the same direction as a result of Subject Two's 
smoking a single cigarette. Subject Two had quit smoking at the end 
of the follow-up period. 
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Subject Three's average daily cigarette frequency was 38. As 
a result of srroking a single cigarette his 4-8 Hz activity increased 
slightly, which suggests a slowing down of the brain wave activity. 
During the Fadeout Phase of the experiment Subject Three could not 
increase his 8-12 Hz activity. However, he was able to increase his 
heart rate, his skin temperature, his frequency of 8-12 Hz activity and 
possibly his amplitude of 8-12 Hz activity when he was provided with 
8-12 Hz feedback. Subject Three had not quit srroking, but he has 
decreased srroking to 15 cigarettes per day, a 61% decrease. 
Subject Four's average number of cigarettes smoked per day was 
50 at the beginning of the study. As a result of smoking one cigarette 
his 4-8 Hz activity increased slightly which possibly suggests a slowing 
down of his brain waves (Note the phase indicates a lack of return to 
baseline Al levels). At the completion of the study Subject Four could 
not increase his 8-12 Hz activity without the use of the feedback. 
In conjunction with the instructions to increase his 8-12 Hz activity 
he did, however, increase his 4- 8 Hz activity largely and his heart 
rate, which also occurred as a result of his srroking a single cigarette. 
Subject Four had not quit smoking at the time of the follow-up period 
and had only decreased 12% from hls baseline smoking rate. 
Subject Five's average number of cigarettes smoked per day was 
18. As a result of smoking his brain wave pattern initiall y slowed 
down, but then speeded up derronstrating a slight increase in 8-12 Hz 
activity. At the completion of the Fadeout Phase it was concluded that 
Subject Five could not increase his 8-12 Hz activity without the use 
of the 8-12 Hz biofeedback signal. In conjunction with Subject Five's 
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attempts to increase his 8-12 Hz activity the data indicated that his 
heart rate mcreased and his amplitude of 8-12 Hz activity mcreased. 
These two pararreters changed m the same direction as when he smoked 
a single cigarette. Subject Five had not quit smoking, but did decrease 
his srroking frequency by approximately 17% from baselme levels. 
Subject Six's average number of cigarettes srroked per day was 17 
at the beginnmg of the experiment. As a result of his srroking one 
cigarette, his 12-20 Hz activity mcreas-ed largely which represented a 
speedmg up of his bram waves. At the conclusion of the fadeout Phase 
of the study Subject Six was unable to mcrease his 8-12 Hz activity 
above baseline levels. However, durmg the Fadeout Phase there did 
appear to be a decrease m his muscle tension. This decrease also 
appeared during and immediately after his srroking of a cigarette. By 
the end of the follow-up period Subject Six had not quit srrokmg, but 
did decrease his smoking frequency by about 41% from baselme levels. 
General Discussion 
Stephens (1977), m his review of physiological variables in 
cigarette srroking, has stated that, "Little effort has been directed 
toward identification of the physiological parameters and individual 
physiological differences associated with smoking". The identification 
of the mdividual physiological differences associated with srrokmg 
cigarettes is valuable because it could contribute to the development 
of more successful cessation treatment programs, and it could provide 
inforrration for why most cessation treatment programs are successful 
with only a certain subgroup of the total population of cigarette srrokers 
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who wish to quit smoking. In addition to the lack of studies which have 
investigated the effects of srroking across an individual's physiological 
parameters, there also appear to be only three studies (Havelick, 1977; 
Kothare, 1975; Turin & Nideffer, 1974) which have attempted to decrease 
smoking frequency via any facsimile of a biofeedback approach. Hence, 
the importance of this study is due, in a large part, to its pioneering 
nature in the field of smoking reduction and biofeedback. 
The purpose of the present study was two-fold: 1) to objectively 
docurrent the imnediate effects and after effects that srroking a cigarette 
has on an individual's physiology (especially, the effect that srroking 
of a cigarette has on a smoker's brain wave pattern, muscle tension, 
heart rate and skin temperature), and 2) to explore the usefulness of 
a new physiological smoking cessation treatment technique, whereby the 
cigarette smoker is trained to increase his 8-12 Hz occipital EEG activity 
level via a biofeedback procedure whenever he has the urge to smoke. 
It is suggested that his type of procedure will provide the smoker with 
a self-induced physiological substitute for smoking rather than a 
temporary smoking-induced physiological change, which he acquired after 
he smokes a cigarette. 
The imnediate and after-effects of smoking a cigarette on physiology 
and the effect of 8-12 Hz occipital EEG training on the frequency of 
cigarette smoking was determined via the use of a multiple baseline 
across subjects design. The use of this design in this study required 
that each subject proceeded through a series of five phase conditions 
staggered across time: Baseline (Al), Smoking (B), Baseline (A2), 
Feedback (C), and Fadeout (D). In multiple baseline terminology 
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this design is referred to as an ABACD design. Thus, purpose number 
one (as presented above) is researched by the use of rrultiple baseline 
reversal design ABA and purpose number two is researched by the use of 
a AC design across subjects. 
The results of the present study indicated that the majority of 
the smokers produced increases in 4-8 Hz activity and increases in 
heart rate while they were smoking a cigarette. Immediately after the 
sIIDking of a cigarette (defined in the present study as occurring within 
a 20-rninute time period after the cigarette has been extinguished) the 
majority of the smokers deoonstrated increases in their heart rates 
and decreases ir1 their skin temperatures. Heart rate increases as a 
result of sooking which were found in this study, coincide with the findings 
of around 90 other publications (Stephens, 1977). Skin temperature 
decreases have also been docu~ented in a number of studies some of 
which are: Auge, 1973; Frankenhauser, Myrsten, Waszak, Neri & Post, 
1968; Larson, Haag, & Silvette, 1961. Although the present data indicated 
that there were no consistent brain wave pattern changes across the 
subjects immediately after the smoking of a cigarette, there were 
increases in: 4-8 Hz activity for three subjects; 8-12 Hz activity for 
two subjetts; and, 12-20 Hz activity for one subject. A closer analysis 
of the individual subject data indicated that four of the smoker's 
brain wave patterns shifted from producing a higher percentage of 
faster brain waves to that of producing a higher percentage of slower 
brain waves after they had srroked a single cigarette. This suggests 
a slowing down of the brain wave pattern for these four subjects. The 
other two subjects data suggested a speeding up of their brain wave 
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pattern after the srroJcing of a cigarette. More specifically for the 
two subjects who demonstrated a speeding up of their brain waves, 
Subject Five demonstrated an increase in 8-12 Hz activity, while his 
4-8 Hz activity decreased and his 12-20 Hz activity remained relatively 
unchanged, which suggests a speeding up of 8-12 Hz activity; and, (2) 
Subject Six demonstrated an increase in 12-20 Hz activity with a 
decrease in both his 4-8 Hz and 8-12 Hz activity, which suggest a 
s:p3eding up of 12-20 Hz activity. These data aid in clarifying the 
controversy of whether the srnoking of a cigarette speeds up or slows 
down brain wave activity. Brown (1968); Itil, Ulett, Hsu, Klingenberg, 
and Ulett (1971); and Phillips (1971), suggests that the smoking of 
a cigarette produces a tranquilizing effect, or a general slowing down 
of the brain wave activity. Contrary to Brown's hypothesis Lambiase 
and Serra (1957); Hauser, Schwartz, Roth and Bickford (1958); Bickford 
(1960); Weschsler (1962); Murphree, Pheifer and Price (1967); Murphree 
and Schultz (1968); Phillips (1971) and others suggest that srnoking 
acts as a stimulant and speeds up brain wave activity. The data 
gathered in the present study suggested that the speeding up or 
slowing down of the brain wave activity is individual s:p3cific and that, 
in fact, some srnokers (for example Subject Five) dernonst~ated an initial 
slowing down of the brain wave activity while actually srroking, but a 
reversal to a s:p3eding up pattern shortly after the cigarette had been 
smoked. 
During the 8-12 Hz occipital EEG training Feedback Phase of the 
experiment, four of the six subjects demonstrated that they had 
acquired the ability to increase their 8-12 Hz activity when they were 
81 
provided music feedback for their 8-12 Hz activity production. However, 
during the 8-12 Hz occipital EEG training Fadeout Phase only two of 
these four srrokers were able to continue producing high levels of 
8-12 Hz activity without the benefit of the biofeedback signal. These 
two srrokers have quit srroking cigarettes completely at the end of a 
six-rronth follow-up period and, when contacted by phone at the eight-
month follow-up period, they reported that they were still abstaining 
from any cigarette sooking. The other subjects decreased 61%, 41%, 
17%, and 12% from their original average srroking frequency at the 
beginning of the study. The possible reasons for why these four subjects 
decreased their sooking frequency, but had not learned to control their 
8-12 Hz activity is discussed in the following sections. 
As a result of the findings of this study there appears to be two 
ro.ajor issues which warrant some discussion. First, the results of the 
present study are rrore detailed than the findings of earlier studies, 
concerning the effects sIIDking a cigarette has on EEG patterns. For 
example, Brown (1974) Itil et al., (1971), Phillips (1971), and others 
have suggested a general slowing down of an individual's brain waves 
after sIIDking a cigarette, while Murphree et al., (1967), Ulett and Itil 
(1969) and others have suggested a general speeding up of one's brain 
waves after smoking. The results of the present study indicate that 
5 out of 6 sIIDkers in this study (Sl, S2, S3, S4, S5) produced an 
increase in 4-8 Hz brain waves while actually srroking a cigarette. 
The .immediate after effect of sIIDking a cigarette was a continued pro-
duction of 4-8 Hz activity for S2, S3, arid S4. However, for Sl and 
S5 there was an increase in 8-12 Hz activity and for S6 there was no 
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parameters, indicates that sooker's physiologies are affected differently 
as a result of smoking. Perhaps one key reason why our present-day-
sITDking-treaiJnent therapies have been generally ineffective is because 
the cigarette produces different physiological changes for different 
subjects and, thus, one treaiJnent technique is not successful for all 
sITDkers. For example, if a person sookes a cigarette and his brain 
wave patterns speeds up, his ITillscle tension increases, and his skin 
temperature decreases he probably won't respond to a treatment technique 
wh:".ch assumes that he srrokes to relax and thus, provides him with 
relaxation therapy. In contrast this tY:pe of smoker would possibly 
decrease his sIIDking fr>equency TIDre significantly when he was taught 
a procedure to stimulate his physiology. It is deemed important by 
this author that smoking researchers and therapists begin to look more 
closely at what sTIDking produces physiologically for the smoker. To 
date psychologists have tended to focus on the behavioral aspects and 
ignore the physiological aspects. 
Concerning the usefulness of the new biofeedback treatment procedures 
utilized in the present study, there are two basic issues which the 
author suggests must be dealt with: 1) why did two subjects quit 
srroking, and 2) why did the other subjects decrease their sooking 
frequency to sorre extent? One hypothesis is that if the brain wave 
pattern alterations that are produced by cigarette smoking are re-
produced via biofeedback procedures, then the srroker will quit smoking. 
This is especially evident from Subject One's data . Subject One 
produced a clear increase in 8-12 Hz activity after the srn.oking of 
a cigarette and when he was provided EEG training procedures, which 
taught him how to increase his 8-12 Hz activity without the smoking 
of a cigarette; he quit srroking. Subject One is perhaps the best 
derronstration of what the author believes to be the appropriate use 
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of biofeedback training to provide a snoker with a method of substituting 
his self-induced brain wave activity alteration for a smoking-induced 
alteration in brain wave activity. 
Subject Two's data present a slight deviation from the first 
hypothesis suggested above. His data indicate that he produced an 
increase in 4-8 Hz activity as · a result of srroking, and this fact along 
with a decrease of 12-20 Hz activity and 8-12 Hz activity, suggests 
a general slowing down of his brain waves. In this case the 8-12 Hz 
activity training provided him with a method of slowing down his brain 
waves (e.g., decreasing 12-20 Hz activity) which as thE: data indicates, 
was the same effect he got when he srroked a cigarette. Thus, Subject 
Two quit srroking because he was provided with a method of slowing down 
his brain waves rather than duplicating the exact brain wave pattern 
produced by smoking. 
Another theory, which is suggested by the data, is that possibly 
it is not the particular brain wave pattern variation that is important, 
but rather the overall nwnber of physiological parameters that change 
while smoking which coincide with physiological parameters taught to 
be altered via biofeedback training. For example, both Subjects One 
and Two had three physiological parameters which changed in the same 
direction during training as they did when they srroked a cigarette. 
Subject One produced increases in 8-12 Hz activity, increases in heart 
rate, and decreases in 12-20 Hz activity all of which changed in the 
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only work for subjects who produced less 12-20 Hz activity as a result 
of srroking and not merely a general slowing down of the brain waves. 
A fifth and final hypothesis is that none of these hypotheses are 
relevant an::i that the srrokers lied to the experimentor about their 
srroking frequency. Since there were no reliability checks made on smoking 
frequency, the author can not be positive that the smokers were 
truthful about their smoking frequency. 
In sUJTIITB.ry, the five possible hypothesis for the smokers quitting 
srroking as a result of biofeedback training are: 
1) A srroker smokes to produce a particular brain wave pattern. 
If this brain wave pattern can be duplicated via biofeedback 
procedure the smoker will quit srroking cigarettes; 
2) A smoker smokes to produce a general slowing down or speeding 
up of his brain wave pattern. If a general slowing down or 
speeding up pattern of the brain waves can be duplicated 
via biofeedback training procedure the smoker will reduce 
srroking cigarettes; 
3) A smoker srrokes to produce particular alterations in one 
or more different physiological parameters such as rruscle 
tens ion, heart rate, skin temperature, etc. If these 
particular physiological parameters, or more than two of them, 
can be duplicated via biofeedback procedure the srroker will 
quit srroking cigarettes; 
4) Only smokers who smoke to reduce 12-20 Hz brain waves 
from their EEG will reduce smoking as a result of 8-12 Hz 
biofeedback training; and, 
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5) The srrokers did not accurately report their srroking frequency. 
In conclusion some possible treatment procedures which need further 
exploration as to their usefulness are suggested. One treatment 
procedure which needs to be tested is to train the srroker to produce 
the exact brain wave pattern change that a cigarette produces, such as 
was done for Subject One. Another treatment procedure which needs to 
be tested would focus on not only the sm:Jker's brain wave pattern, 
but also on training the subject to alter all of those physiological 
parameters which rrove in a particular direction as a result of sm:Jking. 
For example, if skin temperature decreased and heart rate increased 
and 4-8 Hz activity jncreased as a result of smoking for one subject 
then that subject should be trained to alter all of those physiological 
parameters in the same direction as they proceed when he sm:Jked. 
It should be noted that if all of these physiological treatment 
approaches for decreasing cigarette srroking turn out to be ineffective 
treatment procedures in and of themselves, their use in conjunction 
with some other behavior trea"bnent approaches could be explored. There 
is also the possibility that the physiological monitoring could be 
utilized as an evaluation technique to determine whether a subject 
will respond to a particular type of treatment. For example, if a 
subject reports that he smokes to relax and a therapist decided to 
provide the subject with relaxation therapy, the therapist should 
first monitor the subject smoker's physiology to detennine if the 
subject's muscle tension decreases during srro}ing and if his EEG 
suggests a slowing down pattern as a result of smoking. 
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One additional suggestion for future research is that post checks 
be taken on the smoker's abilities to control certain physiological 
parameters over a substantial time period (3 months or more) following 
the Training and Fadeout Phases. The post check would aid in assuring 
the investigator that the ability to control ones brain waves was 
consistent across an extended time period. The present investigator 
attempted to post check his smokers, however, only one subject remained 
within area to allow for such testing. This smoker had unfortunately 
not been one of the smokers who had quit smoking, thus his post check 
only confirmed the previous fadeout data which indicated that he did 
not acquire the ability to increase h:·.s 8-12 Hz activity without the 
biofeedback signal. As is true in most research studies, there are 
limitations. The following limitations of this study are listed. 
By no means are these the only limitations, however, these a.re the ones 
the author sees as limitations which need to be controlled for lJl 
further research studies: 
1) only motivated subjects were used in this study; 
2) only rrale subjects were used; 
3) only one type of music was utilized as feedback; 
4) there was no reliability checks on frequency of cigarette 
smoking; 
5) the experiment's observers possibly could have inflated 
their reliability score, by monitoring each others recoroings; 
and, 
6) the degree of change of physiological parameters , which is 
needed to produce a change in overt behavior is unknown 
.. 
at the present time and thus the degree of change in this 
study is possibly insignificant. 
In conclusion the present study investigated the usefulness of 
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a biofeedback training approach to decrease in frequency of cigarette 
snoking. For two of the subjects the procedures proved effective, 
however, there is presently not enough research conducted in this area 
to conclude that the technique is of value. The author made some 
suggestions for further research, which could aid in investigating 
the usefulness of a biofeedback approach to decrease cigarette smoking 
frequency . 
Subject Base-
and line 
type of Al 
Sooker 
S-1 17 
(JIDderate) 
S-2 38 
(he.avy) 
S-3 38 
(he.avy) 
S-4 50 
(he.avy) 
S-5 18 
(moderate) 
S-6 17 
(rroderate) 
Table 2 
Average Nwnber of Cigarettes Smoked Per Day 
Smoking Base- Feed- Fade- 3-Mo. 
line back out Follow-
B A2 C D up 
18 11 5 0 0 
34 53 24 11 0 
37 29 24 13 11 
48 49 44 46 43 
20 18 15 14 6 
16 17 16 14 11 
6-M:). 
Follow-
up 
0 
0 
15 
44 
15 
10 
Percent 
Dec. From 
A1 to 6-Mo. Follow~up 
--
100% 
100% 
61% 
12% 
17% 
41% 
<.D 
0 
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Figure Legend 
In the following figures (5-18) the data points shown represent 
the means of five minute segments across the total number of sessions 
conducted during the first three phases (Baseline Al, Srroking B, 
and Baseline A2). For the rerraining tm phases (Feedback C and Fadeout D) 
the data points shown also represent the means of five-minute segments, 
however, the means are calculated fran only the last three sessions 
for each phase. Toe shaded area represrnts variability of these data 
points (standard deviation). The broken horizontal lines represent the 
means of the data points during that phase. The first data point in 
each phase represents a period in which physiological recordings were 
taken in the absence of any further treatment. During the Smoking (B) 
phase note that during the second 5-minute period (see data point 
marked "X") the subjects srroked a single cigarette. 
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Figure 5. Mean percent time alpha production ( 8-12 Hz) per 
subject for each phase condition. 
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Figure 6 . Mean arnpli tude of alpha ( 8-12 Hz) per subject 
for each phase condition. 
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Figure 7. Mean frequency of alpha ( 8-12 Hz) per subject for 
each phase condition. 
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Figure 8. Mean percent time theta production (4-8 Hz) per 
subject for each phase condition. 
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Figure 9. Mean percent time beta production (12-20 Hz) per 
subject for each phase condition. 
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Figure 10. Mean microvolts of muscle tension per subject for each 
phase condition. 
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Figun:: 11. Mean heart beats per minute per subject for each 
phase condition. 
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Figure 12. Mean degrees of skin temperature on subject for 
each phase condition. 
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Figure 13. Data for Subject One. 
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Figure 14. Data for Subject Two. 
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Figure 15. Data for Subject 'Three. 
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Figure 16. Data for Subject Four. 
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Figure 17. Data for Subject Five. 
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Figure 18. Data for Subject Six. 
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~ Appendix A 
Copy of Newspaper Advertisement 
("Want to Quit Smoking") 
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WANT 1D QUIT SM)KING? 
If you want to quit smoking and are interested in participating 
in a program designed to aid you in quitting, contact EARL GRIFFITI-I, 
Utah State University, at 752-4100, extension 7753, or 752-8462. Not 
all people interested will be accepted. 
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Appendix B 
Outline of Initial Intake Procedures 
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OUTLINE OF INITIAL INfAKE PROCEDURES 
1. Phone contact, initiated by the subjects, will be received by 
the senior author. An office appointment will be scheduled at 
the convenience of the subject. 
2. Introductions will consist of the senior author's name, degree 
being sought, and an indication to the subjects that this study 
is being conducted to fulfill the requirements of the Ph.D. 
program in Psychology at Utah State University. 
3. A general review of the Biofeedback Lab and the biofeedback 
equipment will be presented individually to the subjects in the 
following manner: 
This is the Exceptional Child Center's Biofeedback Lab. 
All this equipment you see is designed to measure different 
physiological parameters. I will briefly review each piece 
of equipment and its function. If you have any questions, 
feel free to ask me, and I'll try to answer them. However, 
if I feel the question could bias the results of the study, 
I will ask you to hold your question until the completion 
of the study, at which time I will answer your question. 
This machine is an electromyograph. It is designed to 
measure muscle tension. This is a skin temperature unit, 
which measure just that--your skin temperature. This 
piece of equipment is called an electroencephalograph, and 
it is designed to measure the type, frequency, and amplitude 
of brain waves which you produce. It will also sound an 
alarm if you fall asleep, so try and stay awake. This 
piece of equipment is a heart rate monitor, and this large 
machine is a physiograph, which allows me to record any 
of the information on paper. Now, allow me to show you 
my reclining chair in the next room. Go ahead and have 
a seat, and I will explain how each piece of equipment is 
attached. 
This additional piece of physiological equipment is, as 
you know, a blood pressure cuff and a stethoscope. I 
will take your blood pressure before we begin each session 
and at the completion of each session. This is the EMG 
headband, which has three electrodes built into it right 
here. I will be filling these electrode cups with a 
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conductive cream which is hannless and very similar to a 
hand lotion. This electrode attachment will be put around 
your forehead and fastened at the back of your head like 
this. Next, we have three small sponge electrodes which are 
attached to the EEG. They will be dipped into a water, 
salt, and soap solution, and then placed under the EMG 
headband like this. You will be able to feel it against 
your scalp, and I will ask you each time I attach them 
whether or not you can feel them. One electrode will go above 
your right ear, one above your left ear, and one in the very 
back. Next, I'll attach this skin temperature thennister 
to your left hand, and I would like you to keep your left 
hand resting on the arm of the chair throughout the session. 
Finally, the last item to be attached is the heart rate 
monitor. These electrodes will be attached to your chest. 
Upon attaching all the equipment, I will ask you if you 
are comfortable. You may then adjust ·the reclining chair so 
you are comfortable. My only request is that you keep the 
position of the reclining chair in approximately the same 
position for each session. I will then go into the adjacent 
room, close the door, dim the lights, and begin the session. 
At the completion of the session, I will slowly turn up 
th e brightness of the lights, remove the electrodes, and take 
your blood pressure. Do you have any questions at this point? 
Now, before we go any further, let's talk about the colTDTlit-
ments you will be expected to meet. You will be required to 
come to the lab Monday through Friday at whatever time we 
agree upon. The sessions will last approximately three 
quarters of an hour. In addition, you will be required to 
accurately record, on a data sheet attached to your pack 
of cigarettes, each occurrence of smoking. The only two 
other requirements are that: (1) you don't smoke one hour 
before you come into the lab for a session, and (2) that you 
write a check worth $25 to a charity of your choice, which 
I will hold until you complete the study. At that time, 
I will return the check. The $25 deposit will be required 
to assure the experimenter that you intend to complete 
the study. If you fail to complete the study after you 
have signed the consent form, you will forfeit the $25 to 
the experimenter. 
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For each stiuement, circle the number that shows how you feel al;out it. 
Do you strongly agree, mildly agree, mildly disagree, or strongly disagree ·? 
Important: Answer every question. 
TiST 2 
A. Cigarette smo'.,ing is not nearly as dangarous as many other 
h~alth h~zards. 
B. I don't smoke enough to g~t any of the diseases that cigarette 
smoking is supposed to cause. 
C. If a person has alre~dy smoked for many years, it probably 
won't do him much good to sto;i. 
D. It would be hard for me to give up smoking cigarettes. 
E. Cigarette smoking is enough of a health hazard for something 
to be done about it. 
f. The kind of cigarette I smoke is much less likely than other 
kinds to give me any of the diseases that smoking is supposed 
to cause. 
C. As soon as a per~n GUits smoking cigarettes he be~ins to 
recover from much of the d:imaie that smoking has caused. 
H. It would be hard for me to cut down to half the number of 
cigarettes I now smoke. 
!. The whole problem of cizarctte smoking and health is a very 
miner one. 
J. I havc~·t smoked iong er,c~zn to worry about th~ diseases that 
cigarette smoking is supposed to cau!:C. 
K. Quitting smoking r..lps a person to live lo~ger. 
L It would be difficult tor me to make any substa~:;a1 change in 
my smoking habits. 
4 
4 
4 
mildly mildly stron~:y 
•irte dis1~ree di5,.a2roe 
2 3 4 
2 3 4 
2 3 4 
2 3 4 
3 2 1 
2 3 4 
3 2 
2 3 4 
2 3 4 
2 3 4 
3 2 
2 3 4 
-------------------------- --------- --
140 
Herc arc some st:it emcni s m:1dc by people to describe what they get out 
of smoking cigarettes. How often do you feel this way when smoking them? 
Ci re.le one number for each statement. 
Important: Ari.~wer every question. 
TES T 3 
J.. I smo~e cigarattes in order to keep myself fro;':! 
~IJ·11:n:: ccwn. 
13. iiandlinJ a cigarette is part cl the enjoyment of 
smokir.g it. 
fra- CCCI• 
•lw1y, __ q~u-•n_1:~1 __ s_io_n1~1fy seldom n;vor 5 4 3 ___ 2 ____ 1 
5 4 3 2 
~: T~;~:nip c i~;;:~:~t; !~:~s~~ta;i"~nr;~;x~~~~~ --t-so_m_, e------;----:----3-3 --~----! 
thina~--------.,-,-----,,--,-,-------,---------------
- E. When I have run out of ci(!arettes I find it almcst 5 4 3 2 l 
unbearable until I ca~ __ g__ et ....,th_e..,.rn,_. -,- ,-----,----,-----,,----,---------,----
F. I smoke cigarct:es automatically without even being 5 4 3 2 1 
aware of it. 
G. I smoka cigarettes to stimulate rr.e, to perk my __ se_lf _u~p. ____ s
5 
____ .e
4 
____ 3
3 
____ 2
2 
____ l
1 H. Part of the enjoyment of smoking a cigarette co,T.cs 
from the steps I take to iigh_t ~up_. _______________________ _ 
I. I find cigm:t es ple2surab!·e_. _________ __ ~5 ___ _ 4 ____ 3 ____ 2 ____ l 
J. When I feel uncom:cr.ab:e or u;i~t about some- 5 4 3 2 l 
thing, I li6ht up a cig _ a_ra_tt_e_. -------- ---,,-----,---------.,-----,-
~ni verJ mu~h aware ci the fact whan I am n0t 5 4 3 2 l 
smoking a ciaarette . _ _ _ ---.,-,----,--,--- ------=----
7 
__________ _ 
L I light up a cigarett~ witho:Jt r~alizin;; I still have 5 4 3 2 l 
on~ burning in the ashtray.--,-,--,-,---------=----,----=----::-----:-
1,l. I smoke ciemttes to giv.c.e_m_,a_a_'_'l ift_.'_' ________ 5 ____ 4 _ __ _ 3 ___ --=-2 __ ----cl 
f\. W~en J sriioke :i ciza;ctta, i:~~ of the er:;oymcnt is 5 4 3 2 l 
watchin;z the smoke as I ;;x/-.alo it. 
0. I wanta -cii:arette most whJ~ I aiol c0mlortable and 
relaxed. 
I'. When I feel "b:uo" er w.nt to tzl<o m, mind oft 
cares 2nd worries, I smol<a ci:Izrettcs. 
Q. I get a real gr.awi~i hur.;;er fer a cigarette when I 
haven't smoked fer a _w_hi_le_. ___ _ 
R. I've found a cig.Jrc:t.: in my mouth and dic;n't ra· 
5 
5 
5 
5 
4 
4 
4 
3 
3 
3 
3 
mornbor puttini: it t~~r_.i. ___________________ _ 
2 
2 
2 
2 l 
Indi<"atc by cil'cling the appropriate nun1bers 
ing st:tt <'me11ts are true or false. 
wlwtliet· yo11 f,•,•I !1111 follow-
TEST 4 true false or .or 
Impor tant : Answer ei•ery que~tion. mMtly most ly true false 
fl. Doctors have decreased or stopped their smoking of cigarettes in the past 10 years. 2 
E. In recent years there seem to be more rules about where you are allowed to smoke. 2 
C. Cigarette acvertising makes smoking appear attractive to me. 1 2 
D. Schools are trying to discourage children from smoking. 2 1 
C:. Dcctors are tryin:s to get their patients to stop smoking. 2 1 
- -- -- --- ----- - ------- ------------------
F. Someone has recently tried to persuade me to cut down or quit smoking cigarettes. 2 1 
- -------------
G. The constant repetition of cigarette advertising makes it hard for me to quit smoking. l 2 
-------------!-l. Both Government and i:rivate health organizations are actively trying to discourage 2 1 
people from smoking. 
I. A doctor has, at least once, talked to me about my smoking. 
J. It seems as though an increasing number of people object to having someone smoke 
near them. 
r.. Some cigarette commercials on TV make me feel like smokir.g. 
2 
2 
2 
--------- ·---------------- ---- - ----
L Congressmen anc ot~cr le~isiators are showing concern with smoki~g and health. 2 
-- -- -- ·- - ---- -·---- -- -- ·-- --- - - -- --
M. The peop:e around you, particularly those who are close to you (e.g., relatives, friends, office associates), 
may ma~e it easier er morr difficult for you to give up smoking ~y what they say or do. What about !hese 
people' l'/oul~ you say that they r.1a~e giving u~ smoking or stayir.g off c:gare'.tes more difficult for you than 
it would be otherwise? (Circle the number to the left of the s!Jtem~r.t t~at best describes your situation.) 
3 They make it muc~ more dWic~lt than it w0u,d !Jc o\herwise. 
4 They mJke it scmewhat more difficult t~2n it v,ould be o!herwise. 
5 They m2:w it somewhat e;~si~~ t~2, it w~u'.d ~c 0thci"'Nise. 
h They r.,,1.~c it mech e2::er t:'!J:'! it wo..:ld lJ~ r·h ~:-':vis~. 
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TEST 1 
DO YOU WANT TO CHANGE YOUR S;.J:O:·GNG HABITS? 
HC\.1/ TO SCO~E: 
l. Enter the n11mbers ycu have circled to the Test 1 questions in the spaces below, putting 
the number you have circ!ed to Questicn A over l;ne A, to Question B over line B, etc. 
2. Total t!la 3 scores across on e2cil li ne to get your totals. For example, the sum of your 
scores over lines A, E. and I gives you your score on Health-lines B, F, and J give 
the score on Example, e:c. 
Totals 
+ + 
;.. ;,: He~ lth 
+ + 
i; r J Examp le 
+ + 
C --G-- K Esthetics 
+ + = 
D H L Mastery 
Scores can vary from 3 to 12. Any score 9 and above is high; any score 6 and below 
is low. Learn from Part 2 what your scores mean. 
WHAT DO YOU T!-f!>-!K THE cf"f'.::CTS o:-= SMO!{lNG ARE? 
l. Enter the r.ur.-:bers you hzve circled to the Test 2 questions in the spa ces belo\'/, putting 
the numbc:r you have .:;rc ied to Question A over line A, to Question B over li ne 8, etc. 
2. To!al the 3 scores across on each line to get your totals. For exa·mple, t;ie sum of your 
scores over iines A, E, a.:d I gives you your score on Importance-lines B, F, and J give 
the score 00 ?ersonal Relevance, etc. 
Tota is 
..J.. + 
;. ,.;. lm;xirtanco 
..... + 
-- - -
.; :: J P~rsonal R~lcvanco 
+ + = 
-- -- ----
.... G K va:ue of Stop;:,in 6 
+ + 
--D-- H --L-- Capability for Stopping 
Scores can vary from 3 to 12. Any scor e 9 and above is high; any score 6 and below 
is low. Learn from Part 2 what your scores mean. 
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T~ST 3 
WHY DO YGU S:vJOf<::? 
HO\'/ TO SCORE: 
1. Enter the numb :o~s ycu hzv e ci;cled to the Test 3 questions in the spaces below, putting 
the number you nzve ci;c lE:d to Question A over line A, to Question 8 over line 8, etc. 
2. Tota: the 3 sccres on each lir.e to get your totals. For example, the sum of your 
sco;es over line:; A, G, and ~ gives you your score on Stimulation-lir.es 8, H, and N 
give the score on Handling, etc. Totals 
+ + 
A M Stimulation 
+ + 
H Handling 
+ + 
C 0 --P:eas .urabla R81axatfO_n __ 
+ + 
D --J- ? Crutch; Tension Reduction 
+ + 
E l( -Q- Cravin.;: Psychological Addiction 
+ + 
r :. ;~ Habit 
Scores can vary fro:n 3 to 15. Any sccre 11 a:id above is high; any score 7 and below 
is low. learn from Part 2 wh.::t your scores rncan. 
DOES THE WO~LD AROUl\:iJ VGU MAKE IT EASIER OR 
------- ------ - --
HOW TO SCORE: 
l. Enter the r.um::.ers yo u r.zve circied on t:1e T -2s t L, qucstioils in the spaces below, putting 
the number you have circ led to Questic.1 A over lir.e A, to Qt.:estion 3 over line B, etc. 
2. Total the 3 scores across or. each line to :-;et your totals. ror example, the sum of your 
scores over l ir.es A, [, anc: I gives you your score on Doctors-lines S, F, and J give 
the score on General Clim;, ·:e, etc. 
Tota:s 
+ T 
--~-- Doctors 
+ ,-
Gener;,i Climate 
,- + 
C AGvertising Influence 
+ + 
:::, Key Group lnflu.;nccs 
--ii-= Interpersonal lni:uenccs 
Scores can vary from 3 to 6: 6 is high; 5, high middle; 4, low middle; 3, low. learn 
from Part 2 w:--.at yoLir scor.::s r.1ean. 
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Appendix C-1 
Individual Smker's Self-Testing Kit Data 
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Subject's Scores on the 
Srroker's Self-Testing Kit 
Subject's Raw Scores 
Test Question Subtest s1 S2 S3 S4 S5 s6 
l. Do you want to Health 12* 10* 11* 12 12• 11• 
change your Example 9 6 11* 7 7 6 
smoking habits? Esthetics 10 10* 11* 9 8 10 
~lastery 12* 10* 11* 12* 11 10 
z. h'hat do you Importance 11* 8 16* 12* 11* 11* 
think the effects Value of Stopping 11* 10* 16* 11 10 9 
of smoking are? Personal Relevance 11* 9 16* 10 11* 9 
Capability for Stopping 5 5 4 6 5 10 
3. Does the world Doctors 6* 5 6 6* 5 s 
around you make General Climate 6* 6* 6* 6* 6* 6* 
it easier or Adverti sing Influence 6* s 5 5 6* s 
ha rcier to change Key Group Influence 5 4 5 6* 6* 6* 
your smoking Interper sonal Influence 4 3 5 5 5 4 
habits? 
hhy cio you Stir.iul a ti on 3 6 11 l:?* 3 6 
smoke7 Handling 11 9 8 3 () 
Pleasurable Rel:i.xation 13 JO 13 10 1:• 11. 
Crut ch: Te~s ion ?.~·duct io n 16* 15* 151t ld* 10 9 
r.r:n· :.:i~: n~y:ho.iogiC J ~ 
,\rid 1c t ion 1: 13'- 1511 IO 1(,• 1 l -,I: 
Har-it ll 10 
·-- -- -~---- ·-· -- ---- --- --
• .-.i~ h ~-co r e 
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For Test Question 1 - Scores can vary from 3 to 12. Any score 9 and 
above is high; any score 6 and below is low. Learn from Part 2 
what your scores mean. 
For Test Question 2 - Scores can vary from 3 to 12. Any score 9 and 
above is high; any score 6 and below is low. Learn from Part 2 
what your scores mean. 
For Test Question 3 - Scores can vary from 3 to 6: 6 is high; 5, high 
middle; 4, low middle; 3, low. Learn from Part 2 what your 
scores mean. 
For Test Question 4 - Scores can vary from 3 to 15. Any score 11 and 
above is high; any score 7 and below is low. Learn from Part 2 
what your scores mean. 
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Append.ix D 
General Background Questionnaire 
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QUESTIONS FOR TI-IE INTAKE 
1. How old were you when you started smoking cigarettes regularly? 
rs. of age. 
-----
2. Did you ever try to quit smoking before? (If never, skip to question 5) 
Never Once Twice Three or more 
----
---- ---- ----
3. What is the longest period of time you quit smoking completely? 
Less than 24 hours 
---
One to six days 
---
One week or more, but less than one month 
---
One month or more, but less than three months 
--
Three months or more, but less than six months 
--
Six months or more, but less than one year 
--
One year or more 
---
4. Have you ever used any particular method or technique to try to 
quit smoking? 
None 
--
Voluntary program (Five-Day Plan, American Cancer Society, etc.) 
--
Commercial program (Smoke Watchers, Schick, etc.) 
--
Drugstore remedy (Nicoban, Bantron, etc.) 
--
Other (Describe) 
-- ------ - ------------
5. On the average, how much do you now smoke per day? 
cigarettes per day 
---
cigars/cigarillos per day 
--
___ pipefuls per day 
6. Your sex: __ Male ___ Female 
7. Your age at last birthday: ears 
149 
8. What is the highest educational level you have completed: 
Less than high school 
--
Some high school 
---
High school graduate 
---
Some college or specialized school above high school 
---
College graduate 
---
Some postgraduate work 
---
Graduate degree (M.A., M.S., M.S.W., PH.D., M.D., D.D.S., 
--- 1.L.D., ETC.) 
9. What is your occupation? _________________ _ 
10. Please mention any health problems or current chronic conditions: 
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SUGGESTED QUESTIONS FOR THE FOLLOW-UP: 
1. During and/or immediately after completing treatment, did you 
quit smoking completely for as long as one week or more? 
Yes 
No 
2. Since completing treatment, how much have you smoked? 
---
I now smoke regularly 
---
I did smoke regularly for some period, but I do not smoke now 
__ I have smoked occasionally 
I have not smoked at all 
3. I f you have smoked sinc e th e stop smoking course, please indicate 
how long a time passed since you quit smoking completely until 
you first started smoking regularly (at least averaging one 
cigarette per day.) 
months 
---
weeks 
--
days 
---
4. On the average, how much do you now smoke per day? If you do 
not smoke, please write 0. 
____ cigarettes per day 
number 
cigars/cigarillos per day 
-n-um----=-b_e_r_ 
ipefuls per day 
_n_um_b~e-r-~ 
5. Would you recommend other smokers to attend the 
---------program as conducted by 
--------------------
6. Please write below any comments you feel may be helpful to us 
in our evaluation of the progrmn. 
Appendix E 
Consent Form 
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CONSENT FORM 
I hereby consent to participate as an experimental subject in a 
study of occipital alpha increase training. I understand that I am 
required to be present at the Biofeedback Lab five (5) days a week 
for three quarter of an hour sessions for approximately 30 days, and 
record on the hour my smoking frequency for three months. I am also 
expected to mail or hand in daily postcards to the experimenter which 
will indicate the number of cigarettes I smoked that day. The postcards 
will be provided by the experimenter. Upon the completion of the 
three month period, I also agree to once a week record on the hour the 
number of cigarettes I smoked and mail it to the experimenter. I 
understand this once a week smoking recording will last for 12 weeks. 
I understand that failure to meet this agreement with more than two 
excused absences will result in a loss of part or all of my $25 
deposit. 
I have been informed that my name and identifying information 
will remain anonymous in any written, oral, or taped communication 
of the research. I have further been informed that there is no 
danger of accidental electrical shock, nor any negative side effects 
as a result of my participation. 
Date: Signed: 
Date Witnessed: Witness: 
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Appendix F 
Smoking Frequency Data Sheet 
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APPENDIX F 
SMOKING FREQUENCY DATA SHEET 
Name: 
Date: 
SIDE 1 
6:00- 7:00am 
7:00- 8:00am 
8:00- 9:00am 
9:00-10:00am 
10:00-11:00am 
11:00-12:00pm 
tl.2:00- 1:00pm 
. 
1:00- 2:00pm 
2:00- 3:00pm 
3:00- 4:00pm 
4:00- 5:00pm 
5:00- 6:00pm 
6:00- 7:00pm 
SIDE 2 
7:00- 8:00pm 
8:00- 9:00pm 
9:00-10:00pm 
l0:00-11:00pm 
U:00-12:00am 
il.2:00- 1:00am 
1:00- 2:00am 
2:00- 3:00am 
3:00- 4:00am 
4:00- 5:00am 
5:00- 6:00am 
"OTAL: 
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Appendix G 
Average Blood Pressure Data 
Average Blood Pressure 
------
A ll A C 
~;ulijcct Pie l'ost flcgrcc Pre Post Degree Pre Post Degree Pre Post 
Clia11gc Chctngc Change 
---- · 
s 141.88 137 . .:!S -4 . tJ3 I 38 . 7 J:14.0 -4. 7 141. 3 133. 3 -8. 0 144 136, 7 I 94.5 . 9~.0 -.5 - %.TI 9T:'TI -:n 94 -gr- -=1-:0 ~ 98.1' 
s 117. :I 114. 8 -L . 5 lZ:1.tJ6 l l -1. 67 -8.99 I 16.67 117. 33 +.ij6 115. 33 Jl3. 3 l iin.20 -19-:7 -:-:s- 8-cil /9.0 ~ ,a:r -;r- --:-0 --.,r;..,.--,,---
s I 29. CJ 122. 3 -6. 7 I ~5. 33 119.33 -6.0 122. 5 ll 7. 5 -S.O 126 127. 33 I 1s. rs -'lo.s -=s:-rs 71:-3°:I' 68.67 -:T,oo tDl' -;r --:-,.0- /9 "'7r.'61 
I 
140. 7 s4 J -1~. 3 138.7 -1>.6 141 U6 -s. 0 137 132. 7 -4. 3 142. 7 
-ifC:i' -srr --:-:-i,- -11-:r -,-,.-, -=T.T 7o.1 tD ---=-CT -n:, BT.33 
s l I :I. K 1111. 3 -3. 5 119.6 I 1,1. 2 - 5.4 114. 3 113.1>7 -.63 I !4. 7 112 s iri!X -ro-:s -:-0-:l !Di ,2.s --=z:-s 15':o 0t.oi -:-r:Il 69.67 oDr 
s6 l 33, 3 1 l3.8 -9 . 5 I 2~. 2 127. 8 - J. 4 122. 75 115 , 8 -6.9!> 126 JlH 
-83 
-rn Tr ----;a sT:6 ~-:0 . 7f.r -n:s ---.--:s -n-:o 7li":3 
-----
Degree Pre 
Change 
-7. 3 143. 3 
----..r.c; gg-:-7 
-2 .03 ll 6. 33 
--:-:1- ~ 
-1. 3J 129.67 
-=rn 8T.b7 
-2. 0 143.3 
---::;gr- ss:-rr-
-2. 7 115.67 
--:r.14 -rr 
-8.0 llS.7 
-=r.:r 79:-3 
0 
Post 
133. 7 
'!ln.67 
115. 33 
--rs.a 
ll8.67 
,lj-:-l, 
138.3 
Bl.Jr 
lll . 3 
----.,,,--
115. 0 
-7r;..,.-
llcgrcc 
Change 
-9. 6 
~
- J.O 
+1.33 
-11.0 
--:-O:OT 
-s .0 
-:i-;-3·,r 
-4. ,1 
+T.o 
- 13 . 7 
-::'fT 
f-' 
c.n 
0) 
Appendices H Through O Legend 
In t he following Appendixes (H-0) the numbers shown represent 
the means and standard deviations of the minute segments: 0-5, 
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6-10, 11-30 per session per physiological paraireters. For the first 
three phases (Baseline A1 , Srroking B, and Baseline A2) all sessions 
are represented on the tables. For the rerraining two phases 
(Feedba.ck C and Fadeout D) only the data for the last three sessions 
of each phase are indicated on the tables. The srrall numbers located 
under each of these groups of means and standard deviations r'E:present 
the s es si ons number. Only the last three session's data for the 
Feedba ck C and Fadeout D phases is pre sented on the table due to the 
author' s inability to place all of the data on the available Table 
size. Appendi x O does however indicate the means and standard 
deviati ons of the percent tirre of alpha production ( 8-12 Hz) per 
subject f or each s ession of the Feedback C Phase. 
Appendix H 
Means and Standard Deviations of the Percent Time 
Alpha Pnx:luction (8-12 Hz) Per Subject 
for Each Session 
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Appendix I 
Means and Standard Deviations of the Amplitude 
of Alpha (8-12 Hz) Per Subject 
for Each Session 
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Appendix J 
Means and Standard Deviations of the Frequency 
of Alpha (8-12 Hz) Per Subject 
for Each Session 
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Appendix M 
Means and Standard Deviations of the Heartbeats 
Per Minute Per Subject for Each Session 
168 
s, 
~z 
s1 
~. 
S5 
~! 
'. - ~ 
i-10 
1 ,_,o 
1-5 
5-10 
1 ,_,a 
1-5 
6-li) 
~ ~ -)0 
1-5 
!o- 10 
~ 1-!,J 
:-5 
~-1C 
1 '-!J 
1 -5 
6-1~ 
f: 
:-<t':'1,rl 
so 
~!U'I 
so 
e.!C:'\ 
SD 
::.,~:,,:, 
so 
~!I.~ • 
. so 
.,..,, 
s~ 
Ooel\!'\ 
SD 
::e:i. -, 
so 
ae!\ :, 
SJ 
E':'.C0 
.'.ti~ 
57. ~., 
.':;S 
'j'1 , ')\) 
1.00 
91 .00 
1.-ll 
~,. )! 
.\S 
92.C)) 
1.S5 
~~.('(' 
l).N 
';,!'1.:-0 
.0-J 
~7. ';,O 
1.':,I 
85.5) 
• 71 
fl7.'3-7 
.\3 
Oi. 6J 
£ . 12 
•1 
5~: ~~
57.C"J 
2 . G.> 
t;':>. CO 
1 . 15 
9: . 00 
t.ZJ 
67.'.· 0 
. ·;1 
{,7'.~ 
2.-::0J 
6.:.()J 
; . ,, 
!.'0. ';O 
. 71 
90: !~ !3;: ~j 
0().)0 ~2 - ~C' 
2. 71 1. s.:. 
67 .C":'.' 
: , .~ I 
,, . } 1 
. :. )\ 
71. 3 ~' 
:?..Je 
(,~ . • "ir"I 
_L '.,,; 
,;·_1.co 
.: . 'JS 
,., .. ,00 
1. 9 1 
6,:i.c o 
i.1,1 
·;3_,JJ 
, .. :1 
74 ".>) 
1.7) 
i\2 
I I 
c,,.oo 6:>.oo 6:."Jo J 1):-i.oo oo.o· n,.00 I 1;1.ti"> 03.00 83,'iC 
1,4: 1 .1.1 1.JO I o.oo c.o · 5,GG \ 4,24 2.c, ?,12 
50."7 ~9.r;; GO.I~ I iM . 67 o5,C"I ?G.67 I C:9. :.n 70.3, 00.00 
1.:5 1.53 1.31 I 1. 5J 2.o J 1,53 I 2.00 1.~, 1.7:5 
so.w ')7 . 10 se.n1 l e,L?O <10. 0 1 7,4.90 I 02.00 76.so 01.1.0 
, .. o .P.3 1 .13 I 2.00 3,6 1.')I ! 1.'.;>G 2.}7 J . 6) 
~e'-.:s',o r • :(2~) (24 . (25) : (11) (3~) {Y~i 
L----------~=::;-------- L--l---------==:-----------1 
9::-. .:-:1 11:- .0> f'".00 nr..co I U3. 'j0 0 ,1.50 •n.oo I 'J5.'.i0 %.oo '.)O.~o I 1·,~.0",., 102.r:1 9~ -~'J I ~:1.00 96 . 00 101.00 
. J ... • J .00 0 . .)() .t..10 l .11· .71 \.~, l. }.St, o.oo 2.12 I C,.!Y.) u. 1.,0 '2. 12 I ,_,., 0.00 O.'fJ 
~-·. 'JO l!:'.( 1 s ·:..•_7 "!O. :n I <"j,L CD S'..\.G'7 ':)9. 3) I ')},67 91.67 9),3} I :~:}.00 102 . 3::, 91.r.7 '1 111.1} 97.(,7 S-1~-3~ 
'-·'" · ' 1. c;;~ .:.-'>~' l.'j.S 1 ~-Vi :.2; 1.~-, 1 2.'.i2 2.00 .'..,,e 1 1. 00 1.1~ .~o 1 .~u .'.,e .~ c! 
SI' .:: :J i1t.1~ n: . 50 1s.• .. o I 92,'Y' r.11. 10 95 . 50 I 93.~ 96.10 91.;,o : :::.~-0 'J~. t'o ?>-~o t ,x.c:,o <;3.10 ".,"L:"; 
: .c6 1.9) 3.10 } . .!(, I 1.,0 2.,;1_ 3.31 I 1.60 2.sa 1.32 t 2.1.c::• 2.0,~ tJ ,.:: I 1. 1,3 2.:~5 :.,., 
I I Sen:,1 1m~ ():) (~?) (3!,) I (( 0) (ti} (Cd L _________ , L __ ______ , L---------,- L----- ---, 
8) . N 02 . .::0 9~ .00 s,.oo 
1.,u 0.·)) 1.t· o.c-J 
e7.c':' e9.oo 1 1,.<Y; £~.i:;;1 s1.oo ·,9 . 00 03. 93 I 93.00 8~.oo r.2.00 I e~ . o.J e3 . ,:,a 131. 00 l o:~.c.·:> 11.00 132.00 \ ~, _,-.,:, 
J.00 1 41 0.00 2.12 o.oo 1.41 1,1} I ,.1., 1.41 o.oo : 1./.I 2.1) 1,1,1 I (),Q:, 1,1,1 ;.11: I ,,,., 
63. S7 8•L q 
,. 79 : . \1 
-;-,;. ';:) 
~- i:3 .\ , ('~ 
a:. Y,) 
1(). 5. 1 
('.: . . y, 
) . 1.': 
f\'.),(,7 
, . 31 
f\'f.O J ,n. 0,j 77,M 'J'f.}3 60.Vi 78.(,7 8 1,,11 I 97.67 c ~,.00 89.67 I e5.;3 Ul..{~J 1.,3, 33 I rJ';,.(,7 7;_(,7 e-:i.:~ -: 7'.;.'!~ 
,.,.G ).01 1.00 1.1; i.$3 . ;a 1.33 I 3 . 21 ;i_{\5 s.aG 1 1.~:, 1.4 1 ,'.if3 I 1.'.i} 1.15 1.-;,3 1 1. :,:: 
e-.'·;'? 01.C? Of<~ n.~r,, e~-~~' n.r;o w. ·,·u s,.c., ! ?6.,o 9-:-.1~ 0?,9~ I e.::.:-? c-:-2·) £('.;.~~ I P3-~. ·;?.70 1c.,~ 
.;, 1.:,,. ... ) 1._ ·0 ~ . . co 1. 1,,S 2.0:, 1.0} I 1.79 1.11 :,.!!, I 2.c., 1.;h 1.,r . 1 .r.-s r. . 6 1.7} 
! I ;:(:1:l'!l+ tJ: (;,,,) (2 5 ) (2G) 
I I I 
I I I 
1.:1 ,/' ) 
~_,-;; 
. i"~}) 
"78.C-O 10.CJ 1.: . 00 I fl.';0 ,;.,r.,v 75.CO n.oo : 7).00 79.00 76.SO : 89.00 87 . CY' e.e.~o 
1 . .c1 1 . .::1 1.t1 I 2.12 .11 1.(i 1.4 1 
1 
o.oo 1,41 .-;1 I 1.41 'J.O ,: 3.::,) n2.50 e9. ()I) • .,, 1.i11 81 .~o 2.12 
77.oo 74.!X' -;-.:.!, J 1:-.61 eo. •'.10 11.,.}0 ec.61 I 1~.!'J 10.:, 0 77.67 1 93.00 oa (-· c,2.13 I cn.r,1 G.:.o~ 04 . ')Q 
:,:, .t.:·9 c.,}'.) l ,53 I -~5 . ~)9 1.15 .55 I 1.5; .50 1.5} I .99 :s·, .. 'jl) l i.53 . 0 9 1. '/3 
15.,c 3-.:.00 7;.,.o I :. : .~-0 n.oo ·,1,.::-u (':1.(C : 71.(') '/7.'JO 77.ZO : 08.10 86.4 ,1 0).110 II 7:).}0 8? . 10 7?,( ,I) ::-c:-.~ 
,o 
~t>"\:, 
lD 
!:>fl!\r. 
~J 
~.ee.~ 
t:o 
::-:t'~ 
SD 
~!L"\ 
SD 
1.52 1.c9 1.51 I 1.71 . ';.: ~.14 1.;:;5 I 1.3, 1.4? 1.69 I 3 , "n 2 . c;• 3.09 ;.,,-,, ;?. 111 1.· ;u 
: I :J~:"l::1111:1: (;,13) {29 ', :!-0} :_ (}6) _D·I) _ Of!) __ _ 
I L----------==~-----------1 
P . 5:) 7 ,;,('{I 7}.~ -0 7.:~;;-6-;-.~o ~~~i 7•1.'50 7'i.50 ,69.00 1.1:,0, 50 "f').50 1 r.e.)O n.';1 7u.'j') : 'iii.CO C'j .'j lJ (,3,00 i 62.'jO 7!3.'X1 77.':,'.J 
: .12 l.-3! 3 , 5-! 1..CI ,71 2.b} I .71 2 . 12 1.41 .71 ,71 I .,I . 71 .'/\ I . CXJ ?.1? 1.41 I ,71 1..-\1 . 71 
H.,v 75.f~ f.9,Vi ·12.-x, i:.1.n -:4.~ J I B5.G7 c.:i. Jo 82.60 95.00 9:,.,:;7 / 63. 30 1:,.32 11.,-:- I "14.30 t?. r.1 6>..~1 I ~~.67 ·19.1,1 713.0'> 
2.Cd ~.s2 .JS . 9~ , 58 1.t ,1 1 1 . l'~ 6 .r,1 8.96 2.64 ·1.02 I 2.r,a ,,4.; 1.15 I ~.;1 1.c,.1 2.00 I 2.31 .c. 16 1 .1 3 
H.-:o l'} . .:O 71.E-O 7).',X) (,3 :,o '76.70 II 78.10 A8.-,J 7.-.,60 en.so 8.10 I c.-,,"Jo 61'.f.l\ ·r, . {J,J : ·:·;.l)r) 7,;,,t~) !,3,"/') \ (,(,. ';>'J Tf.111') 7',.?'J 
1.5- :-.<:-·; 2.,·! -~---r- :..·to 2.30 J.t,::, 1..92 '.J. <J:; ;.'J') 5,6.; I 2.u1 1.!.2 1.15 I i!_.g 2.::;3 1. 06 I 1.1.:: ,.fn 1.t:f"' 
l I ~-=,1,ui 1n!'": (?7) (;'>P) (?9) I {:.1) (:.?) (;3) L_ L ______ -, L.. ____ __ ___ _ .'.._-,-----------1 
a3.co 10.~- i;~'O- Gi°OOI 7?.uo f.6.oo 61.oo 11.0') e,3.00 1 r,e,.c,c G1 .-;o c.~.so n. 1jo : c.9.-;o G7,0I; 7; .'j o I o.o•) . ;1 0.1.\fJ .o:: : .oc 1.41 1.111 .oo 1.1,1 I .oo .11 . ·11 . 11 I 3 ,5 , 2.e... 2.12 : 
c:1.1.:n rn.67 E--~.67 61 .. 00 I 74.C.7 -;--1.;0 10.G? 1-:,.e,1 ·,·e.3; I (G.I)(• l4.(,·, 62,!: 1l 7,.33 I 12 .00 !.J;..0) £:, . 30 1 ,. 5:, 2.52 2.0t1 1.7} I i.oo .::.so 4.r::;o 1.~3 ,.,.t_. I .99 2.'.:>2 1.1 5 1.5~ I -<i'.J 1.73 2.00 I 
,:_,: ,'J ~ ) ;\!": r,1.J o c.,o.r.o ;~1. 70 Gs. 1 0 I 1s . )o ?J.to -;0.20 7, . . ·,o 15.20 l c-1. 30 !:-,.oo ~0.10 7'..?,1 I ·11.90 (,5.c .o 64.A~ I 
' # ;;:, :... . ;.~~ · 1.·n 2 .. :2 l /.,:') :s.01 ~ -0'.? ~. vu } .(,5 I Ll.:i ._•.3t; , . .. ".J ~.;.~?-i : ... :1,·.?,\ j:/,~ ~~~~~) I 
.:-o '.! :_. ~:-. 1 10 
" 
I, 1; 
" 
l'.i 17 '0 
92.( .... J 1.', 
-:::t-c 
(;,',') 
f•T· .r# 
: , :1. 
(~t. j 
70.~~ 
.71 
w.oo 
1.7' 
lS,00 
1.l.'J ,,.,_ 
'}1 .oo 
/) . './:, 
~:: ~~
':' • f, '., 
1. '.,"7 
:;:-,} 
~t . 00 
.oo 
~-~ 
.H 
¼.00 
1. 71 
rc, 
62.2 1 
.c,o 
~-m 
.n 
6<,. '' ~ 1. ~' m ,,.~· 
<.D 
;~ ~ 
:- ; 
,;_:o 
' 1- }0 
1-5 
6-10 
11-,0 
s l 
1-5 
~ - 10 
'1 - } V 
s_! 
·- 1 
t - · ::.> 
; 1- 3J 
"5 
1 - ': 
6- 10 
1 1-! ~ 
s6 
1 - ~ 
6-' (" 
l 1-~ J 
S·!":': . or. 1 
:::t"3:"I M.?S 
SD • i5 
')C . (5 
s~ . 1e 
~ - ':I} 
S) . :Q 
:,,:;~ ~I:;~ 
Dt'!\:", 9.:. }!. 
S ;) • I V 
~ l'L"\ c:i,.)9 
s:, .56 
ee::\!'\ n.,9 
S!l . ..:5 
tc .•_..., 9L.£!-\ 
S!> .2 1 
~ !\..-:. l).'.:'S 
SD . 27 
""'" so 
an.r , 
so 
:ie~ ~ 
SD 
:t-e :\:": 
, -
~ \."'l, 
so 
~ "\:"I 
so 
O'<nn 
so 
j ;) 
C.t" ::l..""l 
so 
83, 15 
• 113 
6~. '75 
,27 
"). "\ '1 ... 
. c' 
O':. ~' ~ 
.o, 
:36. 16 
" 
86 .50 
. ,s 
90.6.2 
. 15 
?(). 7'i 
. I } 
? 1 .0'; 
.1 2 
~~:>.n 
.:5 
90. 88 
' I} 
~, . .::., 
.2."' 
l?i . ~.:. d·s 
91 . :·) 
·" 
o, 
. • 2~ 
'?) . t;'~ 
• 2~ 
94 , :;:(. 
• I CJ 
9.1.s1 
• I} 
en::~·: 
9,,.t , ._i 
, ;:;• 
9~- ;:9 
. 10 
O_? , i-:) 
• • I 0 
').?. I J 
.n 
-~::. ~-· 
• .20 
~2-9.:. C\-_"I ' ' 
3"' 
SJ. 'ii 9-.'. 7~, 
. 1 ~ .f.)• 
9:,. :'':'.I ·)1 .r:..1 
. 92 . ·:-<: 
.:'\:~. 51 !1.! ~·J 
.;· • , ,!'j 
6'1. Y · B) . ·,-.c; 
• 4 .! . c.:, ~
9'). ,~ 6 7 . 'j') 
-2' ,0'.i 
9} .1 9 
. % 
')J.'X) 
. II 
!)} . (-:;> 
,26 
S7. 3~ 
. 10 
&•.C".l 
. 4') 
0'). ~( 
. }~ 
90.:~ 
. '.,') 
01 . rv 
~ • ; -I 
')l. t O 
. 19 
A2 
! 
~J.'Y.l 91.63 9,.6, I 91.50 9}.60 92.,0 I 9c 1s 94,9. 92,95 I 94,JO 92,65 91.35 
. ..:3 .51 .10 I .11 .i, . 14 I .06 . 1 ~ J .23 I ,29 .22 ,2!! 
~~ - 4C' 91.Ct. ~·L:-!.: : 91.00 ')J . 02 92.10 : ()4.20 95,1.1 9J,70 : 9-1,99 9J,t.0 91.00 
.IB .ltl . ?.') I . 00 . 06 .02 I .00 ,lJ i . 10 I ,}(., , 27 , \ 1 
9,:, .. :0 ~. 0 , ~.s.•J=; I ~3.15 ~J.~9 9:, . n I 93.04 95 . 1 ·, 'JJ . 'J'; I i'.J5. 1, 9, . e9 92,32 
. ·,\~ ,'.i-S .21 / . Es .~o • .:o I .16 .1J ,1,:, I , 14 ,23 ,24 
: :;:.,;13!n·{,: (23) (24) (21)) l 01) {32) en, 
!_ ..,. __ ____ _ __ !=- --- -----'--' - -, --- - ---- ===,----- --- --- 1 
'::5 • .- ' -J.: .·,1 ~2.'! ,) '-.:J. ")() l 93,1. ~ 90.6:3 'J" - '1 I 91 . ?,1 9i. 10 92. 1~ I 'i },: ! t. 'J3,'!- •: 9,, . 04 l ')1 . i;o 
• 1 2 . 21 .cc .o~ I .22 . 10 . .s1 I .13 .12 .n I .n . 21 .c..a .21 
'}}, ':SI ').; , Si2.C.) •)').~':} : 93.:-0 ')1.39 91, . .:1 / 92 . 18 91.'.5/i 9;.,.(,0: 1.j}. ;4 93-. 11 9.;.? ,i : c_,1.91, 
92.i:c 
. 17 
')2. 71, 
.13 
S-3-~ 
.06 
9,.,.0 
_,_,., 
. ~ u , •.;8 ,, (\ () ,}0 I .I ~ ,15 .?.2 I ,06 , t)IJ . 11 I ,,.5 ,10 . l G I ,\} 
~?-. ,:'.: ·;~ 73 ':'?.!'!) 91.16 I ~J.J') 91.05 95.01, l 92 . 32 91.:57 92.1 4 \ (]l..05 93 .1 ;, ~4.1.3 : 'j.;:·.~: CjJ. Ct; J!- 1:in 
.: 1 ,37 .lJ .JO I ,11 .10 .24 \ .12 .09 .16 ( .16 .1 0 .11 1 .~(, .1.s · .07 , 
: I Scn::1J :) : ('.~1 l D?) {})) j 0?! (t.~) ,~,) 
n, ... , '•J.>3 ,0.11 ~!. % t~55 - 91_-;;.;--;;,-:--,2 l l9-;-:;-o;-J~;-~--:-,;: 9;.,:;-9-:-.~~- ;;:-;,;:-1 ,;~-:~;~:;1 0:. 7~ 
,:.t.. -~-i . ;,.~ .ll, .,, ,46 . -~ U I .45 .9, ,45 : .. . I ,,j:.i .,Ci I ,H, . ,. 1 ·<--~ : .2., 
i:-::,.·;5 9t. C3 <)O.,;G '}2.62 ';? .()?. 92.42 9;",(18 : 91.31 ~).el 93.01 I ')4.:-S 512.,:.:, ~,) .? ~ l 91..i:o ~·';.';". ,:;:;.1;, I ~..:.:e 
. CJ . 7l , 0'/ .: 1 .10 .:5 .14 I . 28 ,IP. .13 / .' M .1 :; .1· 1 I .1 0 .10 .1~ I .11 
·.1::,.:-1) ~1.'. 0:-! <).J.?~ O).,'j\ ';'I . SJ 92.v 92.10 I ")1.31 • 1.1.: 92, S') : '),l,n~ 'JJ.lil ·11 , ;,,11 I 'jt.,i;,j 9~.,:(, '1'~·'·~: ~--·.-:, 
.5 .:: .~G .20 .11 . ::,b . 15 .eo t .5) .20 .,u 
1 
.2, .15 14.:tt I .10 .~o .v·J 1 .:,1 
: I """"'+"" ( 24) ( 25) (>f,) I _ (JJ l 
I I I I 
I &~: ;~ ~C.'j}. e~.e·r .6 7 ~9-35 9 1. 32 91 . 03 92 -~2 . •\•, ,31 , ;,9 .,:,o 90 - 49 -4 5 91 . ·'IS ,30 -:,2.06 .1(, t2 .:' 5 .l.t) 90. 1 G 
. ·~ 
e.9. -:., 
. 17 
j u1. 1, .; ~·J . ?-6 ai1.s1 9-:,.31 I 91.;o 91.30 92.95 I 91. 20 91.;a ~2.cO I 91..1.1 9~.:>1J 8'3.t.0 
I .63 .3 2 .32 .14 I .)} .11 .2G: . oo .,2 .'JI? I . ;,9 , 33 .co 
1 n..~.,, ~~ .. ~o a,:i.3.: 9:.::- s : ')1.1.1 9:.01 r.13.oJ : 92.06 92. •.s -::t2.11 J 9(.·12 ':2.C5 ';() .'12 
I . 54 • .t.9 . -: 2 • 22 . 2,: . 34 . ~ 1 . G6 • }6 • 2'I . ::1 • .24 • ~5 
I \ Se•,o''f'" (28) (2 "' l. (}O) : (3( , ) n1) (30) 
I 
k ,, u,- - ,1 .-< I ae.i, l. ,.01 "!9.0v 03: 0 0 0;5~-:;-1~.-;;;_-,;;-_--;-e--;;t:---=-1~,~.~-:,::,- ~~; 1 e3. ?o cc.32 90. 11 
.~<1 .:o .J ,? I 1. 0~- . ·15 .oo 1.39 .t.J I ,3b ,55- .,n I 1. 10 . ·t~ .6; I . 1 :i .!4 ,5 3 
cd . 1 ·) u~.-o 0 i.c~ l :1i:.16 n.01 10 . 90 06 . 10 e1.1r, l 79.9t- l\6.54 91,01 I 09 .~ c ?:>.? ·:, ,2 .1i:. : e( .i;,~ oe. 19 9 1 .~ 13 
. ;6 .11 . .:) I . 1~ . ,o .00 , 19 ,37 I .H ·. 1:.5 . • ,, / .t2 . ?::, ,I)') I . 10 . 2'.J . OG 
mL ~S a -;-. ~.~ " " -/7 I e,!. ~t 02.·:;1 1e . 21 06 . 77 eG.12 I 1e. 01 n; . ':if ')1.10 : ~o.; :i 92-".l~ 93 . 21 I a1.i;,1 90 .o~ 91. ~,;. 
.c.3 .:,; 1. 1, 1 .,1 -~ .,1 ,5e .es I ,44 ,, .1-1 .26 . h .11 I 1.c, , 49 .,, ! I t"Jr:ot•{·u :(27) (? H) (?9) : 0 1 ) (3;,) ( ;. } ) 
j I I ___________ l-----------, 
!l'J . .,2 ~,-:-c7_\)0_;-'j- 9i:-'JTI 91.m o? . 24 h9. 7 1- 9, -:--~-;;- 9T .}0 - 1
1 
'):>. 7b CJ;..:;5 90 . 1') 'it?,.11 l 95-c.?G 9c-:, ~ n .u I 
. Tl ,!9 ,31 .15 1 .29 .2! .01 . .. ') .19 . 2ti .24 ,V1 .z, 1 .ce .,, . CJ8 I 
t').).3 (' 9 ).:''1 '.);.0(- ':J.::'O \ ')1.~2 eO.').-\ flC,Y/ 91. "<1 ')L.(0 l 'J).1 0 9!,,:'.:'J ')'J.·;·1 ')2 , GI I ')' .. OD 1).-\,':,IJ '.:7 .' ,2 : 
.1·1 .15 .16 .:,; I .c,o . ;:'.l .'JO .4 7 .1 :\ I .:1 . 12 ,'i; .1 .t I .10 .,o .10 I 
9-~.;; 9,.0::, q~ . .-:6 93:1i;., I 'J2.09 oo.?Q 01 . ,1 8 '),ii 4 91.3? l 9; , ,c3 93.90 90.c:ir. 92.71 l 9!., 16 9<, lt:. 9;.. , , I 
.10 . 2: -~"l . )) ,•FJ .::!') , 14 . ·6 .19 ! .I< . ?,S ,}! :J.-·:!}t-1,:::<-i}? Ci~? (,;6? I 
10 II 12 n II, I~ 16 17 10 
:,: • £~ 
. ~ ') 
c.1 .17 
. . ~ ~ 
:-1 :~~ 
(: , ) 
,,.1, 
. ,9 
9 ;. , 4G 
.O'J 
9} . >} 
. O') 
t<) 
;1,.·~ 
. 1'3 
'!'~ . rr, 
. , ! 
'j(:~·, 
{;'j) 
9;..r..n 
. !~ 
');.. ;2 
. ,. 
t;, .,s 
. 19 
{ O) 
94 , 70 
,19 
9,., 5 
-" 
9} , (2 f--' . 67 
~ .(P,j --..J 
f--' 
Appendix 0 
Means and Standard Deviations of the Percent Time of 
Alpha Production ( 8-12 Hz) per Subject for 
Each Session During the Feedback: C Phase 
172 
e' 
1-5 
t: -1 0 
: ; -~::-
•2 
1-5 
6-10 
\ 1-)0. 
•1 
1-5 
6-10 
11-)0 
", 
1-5 
6-10 
11-,0 
' s 
1-5 
6-\0 
, , .  ,a 
'6 
1-5 
5-10 
11-'!J 
:::~;;I;.': .. , 
: e<\:\ fl:,.f. o ~5 .1 ~ r,l;. "o 77 . :o -,)J ,c t:1•;,.,o 51 .()() rio.,o 71,10 nJ.10 92.10 
.:n 9 . 1, 6.o·; .·.,~ G.,1: .:.'JO , . ,1.: 12.t\) s.0,:i 'J.8'::t ·1.92 4.74 
."'ls,.'\~ d" .1 (\ 9·.•'0 r1,,_ ... :; il~.~-:i ·:-.c.o :r . 00 :~.sa t: "'1.-:::i ·m. \I) e5.61J i:i.:.1c 
:;;:i ,L,~ 5,·? .• .t·:J 1. :,~ r. . ,',) (,. 'j l 1v.1: ..... 1.; :1. ·., n.'_10 'l.l} 
,_ .... :.,!.I :°~ ~-~· ""'l, .~ c; '{';, r;,1 (l-...?5 t, .:.0') WI . ' ,) R'i.iJ r;.c:.o ")).'?1 
-~ J ',. :,.! .: . \ ._ • . l>~' /. ~--: \•. · '> ,. : s 1;-. .:-J , , .n.:- 1.:.,:.1 1 ;.06 ·1.IJ'.J 
so 
f,(), " (' OJ.flO ffi, -IC 00 . fiO 70.70 83.10 
.; .<12 ri.0·1 S,'..O -,_;, '3 . . l') 6 21 
78. 70 81, 10 eo .5 0 ')1.; o :5.&o 51.10 31. '30. 01.n en .10 'J3-3 1J 93.n 'J';;.!'l 
1.35 4.1A 1\.(,,1 25.(,~ 2').;;t, 10 .r~o 4,G7 G. ·,s ,i .;;;, ; . ~~ 
: -.::'\n 
SD 
:e'\n 
SJ 
~ t'l.i"I 
5 0 
:r.-e.,n 
so 
~-~ 5J 
1:1<!1\:': 
50 
78 . ~:> 71.t.0 77.00 
P. . -!5 i' . t ~ '). 2'J 
(l;'.~·J 'i ,~.';-0 
,L (,3 ').~•O 
-;".:JC:. r: .os 
tl. c.:~, 6.96 
·n.,,-:: 
:,) , ('\) 
"/S.5 ! 
I l.';') 
')3. 10 t'"'-20 9: .60 
'.>- ~'G 10.,H 3.'/4 
~.Pa f\Cl. 13 OG. t,0 
~.72 5.0') 5.72 
73. ,\0 9'1.00 9"1 . .20 
, 2 . t.C, 5.01 9. 71 
c: .l'C 9}-50 C:,4.90 
13.( 5 , . ,5 4, 35 
'jJ. 30 9<. ,, 95, 70 
; . <:;6 r,.ee, 5- 77 
';''} . 1?() 63.60 60 . 10 8 1.00 78 . 1,0 
(.8 4 1j . •)I. 6.)'1 10.0() 5.\1 75-50 5.0;? 
n.10 
1\.'-}J, 
5 . 01 ,. '.1€ 
79, 70 e:o.oo 
5.08 1, 16 
77. 9, 78-95 
5. ~1 9- 56 
9,.00 n.co 
o.o, ·, . 57 
91.00 75.M 
7.87 5.60 
95-" 78.1 0 6.09 5-•~ 
91.10 '.Ji . .-:IJ r.,i.1,0 ,;;:,.1,0 
3.41 ;. ::,r1 13.1r, 11.w 
9~-"' s.:.')'j r.o.35 57 - 30 
5,73 8.'Jj 1';.~7 12.'1(, 
?e.50 ~1.30 131,,00 
4i,;o ? -N 11. rn 
eo.90 9,.,0 o.,.oo 
s.,o 'j, 4 2 1;:>. :l..i 
fK . 70 9,1.•Q "'.'j. ·10 
(, .')} '/.63 11,. ')', 
f,'jJ.~ P.~.C') 
1(J.1 lj 1 1 .)FJ 
G").( ,'j 70 .'-3 
1 ').'J5 1 '..,. ~/, 
Sf}, 11) 
,.5 } 
e 1. x 
9.'j'.,) 
i;7 . (.,rJ 
1.f.3 
<J'i. r.,3 
4.tfJ 
77.10 64 .GC' S'i.7C 02 . C'J r,1.r . 0 J? . 00 ';;6.?0 
e . 96 e. efl 1:,.ne c.;1 1e:.30 ,0.1,1 10 . 30 
?5,(Y.) 80.00 5'). 1'1 
'j . ~2 11.14 e.n 
~-,.r. 8!.10 - 7,4J '7!3. t.O e~.c,o 79. 30 7'./0 l)'J.51) 75 . '.ilJ 01. 1.0 eri.eo 75 . 70 72. 0C 7~.C'C eo . M 7;,~o r;9,31J 7!,.(,C ~-1..t.'"i 1c;.,2 'T'j.'jl 
7 .69 1 i.2! ,;,t;,9 9 . j<J 12.'17 13 . i:J 1).~ '.> 4. ,15 20.1' 13.'jO :;:;, ~ - -6 5.('12 12.1.~- ~.Ji 1;1.21. 10.0'j t..4'3 lj ,1 ') 5.1,,, 6. 71 
e.esr. e1.3:) s; . ?e ~'--55 ;~ _5,- 82.03 ;o.6,; e·,.3~ 76.1.0 
fD ) .1 0 ·,·. 9-3 :<,; !3 15.e1 •).~!) 6 . 72 7 . 19 7 ,U'f 
78 .13 
6.}6 
8-1. ')5 
6 . 14 
75.78 68.,., ,.. s· .... 0 10.60 1r.i.1c ??.Go 11 •• 110 •,0 . 30 ,r,.r.2 ·1'J, Y1 
9.20 10 . 6. ,,.t,.., 13.n 11. n :6 . 75 1-1.n rn.,.2 -:,_i.L9 12.1; 
~ n:l 
50 
::-e:1n 
SD 
t:(':\ ft 
SD 
"""' so
="!\:\ 
so 
,,..,, 
SD 
" 
1;, 
" 
-;''1.00 fG,30 73.?0 77 . Jo· 51 . ')0 
6.01 6. 11 (.JO 6.9') 10.'/7 
7~ _..,o t-e.5c 75.f-") ·,·a. ·;a 52.20 
-;-. ')7 12 . " e.2c. 3.1.3 9.-,'J 
(l·).flC 70,3J 75,7'J 7!), 10 59,1n 
u . }:l C..1~ 5,G"! G. C2 11,.21 
51 .60 
1 }.64 
(,( . 50 
16 . 50 
6'1.63 
13 . 19 
20. '10 
10 . ',!4 
,,_ }O 
\,t.3'.) 
44 , 51, 
,,,.n 
l. 8 . dO 53,?0 51.S •) 2).70 7;>.!.0 7'j , ('jl) 7},70 
n.,:· 11.t11 o.s~ 9.21 ~-73 .,.,, . 6,3e, 
5i 1·· 5· . eo 5~.,o ;,r,.10 7,. 20 1.::. ,;;o -n . r.'J 
11. ,;;1 1;.r1 10. 05 ~ •. 93 9.os 11.4'.J ').t.5 
s, . 0<1 5.J.45 -;;6.20 n.f'3 n. ~,o 1c.25 e.? . 3n 
16.(H, 14,02 1,1.0} 12.::.:) 10.')') 'J,01 '1,67 
23 . 00 59 . 60 59.no •r13.4c· 1 .... 20 74.30 01 . 0,:, 
16.50 17 .} 0 t3. ::5'J ·1.1· r . (JC lt,.30 !).H 
73 , 50 76 .10 76.80 
11.19 '/ . 42 9. 74 
:') 1G ,., 1a 
l'iu.co /,C. 00 60.2') 83.',0 CLOO C?. t)-0 79.00 01.10 1').30 76.(.0 
'"·0'J l'J . 'i" 10 . 'Jtl ';.Cf : 1,,·1rJ , .... 24 C.'.,'j 0.1U C..'.,lt 6.14 
:').·,a 71.'f') 66 . UA oo.·,~. 81 . .... ,o 73,10 73,'.:,0 T). 'YJ 77,}tl 13.·~R 
11.G,• 12, 7i 11,1,i \f. ,1 , 1,1. \ t. 11.;.i3 f:,•; ;, 0 ,{,'J 7,',1 ';,t:f, 
'? ,o 01 72 2':, 
,, 2~ 26 27 ?u 
69- 70 71 . 70 
G. GG 10.~9 
71.0.') e~.Y.> 
s. 7 1 9,':1') 
75. ~S 75 ,4 5 
'/,S2 10.5 1 
29 ~,:, 
:,-,.,;':) 
... ',": 
';2,H-: 
G. 1.;·1 
eo.eo 
o . i:i} 
91 . n 
G. 21 
82 . 4!, 
1 . 02 
;1 
'J;>, 7') 
r..~7 
~-; . ::·~ 
' (,.(' 
75. ·")Q 
, 3.L '.i 
7.(.~I) 
~, . .;~ 
i;e.oo 
U , -4') 
n.&J n.90 ~. 2i 
l.(>.4 ~-e~ t .<.<:'J ;t::S 
7].5 ') B'J,';0 ~I J..O 7l.~O 1( ., ) 
G.~~ 6 • .(t; 10. "'4 1c,, 02 7.'.,f. 
J,;. 7") 7'• "-C. 
, _,.,, ,;_$) 
7~:~g n:;~ n:r-; ;;:~i 16:~ ~:~1 ~:}} 
:2 ;, :,r. 
I-' 
--.J 
w 
175 
A P P E N DI X :0-1 S U B J EC T : 2 
10 0 ", 
le 
I 
I 
I 
I 
I 
I 
90 I 
~: 
I 
I 
80 I I 
I 
I 
I 
I 
N I 
::t: 70 - I 
N I T'"" 
I I co I 
<t I 
:I: I 
a. 60 I 
..J I 
<t I 
I 
l- I 
z I 
w 
~o I (..) 
0::: I 
w I 
a. I 
I 
I 
40 - I 
I 
I 
I 
I 
I 
30-
Appendix P 
Subject Three's Mean Percent Time of Alpha (8-12 Hz) 
Production for Minutes 11--30 per Session During 
Baseline A2 and Feedback C Phases. 
176 
177 
APPENDIX: P SUBJECT :3 
10 0 "-i 
le 
I 
I 
I 
I 
90 v: I 
I 
I 
.! 
I 
80 I I 
I 
I 
I 
N 
I 70 -
N 
,--
I 
co 
c:::: 
I 60 ~ 
..J 
c:::: 
!-
z 
UJ 50-(.) 
0:: 
w 
~ 
40 -
3 o-
20~~-~--~r---c---.--~-~----.....----~--.....-----w----,--6 , 10 1 i, 1 1. 1 1 6 1 1 b , , o 1 2, , , • 1 7b I H , Jo r 3, , 3 • 
9 1 1 1 3 1~ 17 19 '.ll 73 25 ,7 79 31 3 3 
sessions 
179 
APPENDIX :Q SUBJECT'.1 
10 0 "2 
le 
I 
I 
I 
I 
I 
I 
90 I 
I 
I 
I 
I 
80 I I 
I 
I 
I 
I 
N I 
:::r: 70 - I 
N I 
"'"" I I 
- ro I 
<:t 
I 
:::r: I 
0.. 60 • I 
..J I 
.::z: I 
I 
f- I 
z I 
w 50- I (.) 
a: I 
lf 
r; 
-
40-
30-
i 
I 
I l~ I 17 I 19 I 2 l 
1 4 lb l 6 2 0 
--.-~-r----c-,--,-,,--....------.--,-.-...--...---.----..--..---r--
' 2 J 2; t 2 7 I 2, I 3 1 I Jj i 35 I 3 1 I 3 9 I 
27 2~ 2f 28 30 37 34 36 38 40 
sessions 
181 
APPENDIX :R SUBJECT:4 
10 0 ". le I 
I 
I 
I 
I 
I 
90 I 
I 
I 
80 
~i 
I 
I 
I 
I 
I 
N I 
J: 70 - I 
N I ,-
I I co I 
<t I 
J: I .._ 
a. 60 I 
~ I 
<t I 
I 
I- I 
z I 
w 50 I (_) 
C: I 
w I 
0.. I 
I 
I 
40 I 
I 
I 
I 
I 
I 
30- I I 
I 
I 
I 
I 
2P I 
8 I l(J I I 2 I l • I I 6 I I E I 2 0 I 2 7 2 4 I , b i 7 s I 3 O I 3 2 I :~, 
7 9 l l l } I ~ l 7 l 9 2 I : :; 2 ~ : 7 7" 
3 l 3 3 
C:ACCiAnc 
Appendix S 
Subject Five's Mean Percent Time of Alpha (8-12 Hz) 
Production for Minutes 11-30 per Session during 
Baseline A2 and Feedback C Phases 
182 
183 
APPENDIX :s SUBJECT:5 
10 0 "1 
'c I 
I 
I 
I 
I 
I 
90 I 
I 
I 
I 
I 
I 
80 I 
I 
I 
I 
I 
N I 
I ][i - I 
N I I ,- I I 
ro I 
I 
< I 
I 60 j I a. ' 
_,J I 
< I I 
!- I 
z I 
UJ :,0 - I (.) I 
C: I 
UJ I 
0.. I 
I 
I 
4 0 - I 
I 
I 
I 
I 
I 
3 o- I 
I 
I 
I 
I 
I 
20 
8 t 10 I 1 2 I I ~ I 1 t, i I £ I 2 0 I '} 2 I 2 • I 2 t> 
' 
2 S }Q Jo I 3 2 I 3• 
7 <; 11 l J I 5 1 7 l Q 2 1 2 3 
2 5 1 7 3 1 3 3 
sessions 
Appendix T 
Subject Six's Mean Percent Time of Alpha (8-12 Hz) 
Production for Minutes 11-30 per Session During 
Baseline A2 and Feedback C Phases 
184 
185 
APPENDLX.:T SUBJECT: 6 
' 
10 0 ", IC 
I 
I 
I 
I 
I 
9D ·I 
I 
I 
I 
I 
I 
ID I 
I 
I 
I 
I 
N I 
:t: 71 I 
N I 
";' I 
co I 
I 
<t I 
:t: 60 I ~ 
.J 
< 
!-
z 
w so (.) 
a: 
w 
~ 
40 
I 
I 
I 
I 
I 
30- I 
I 
' I 
I 
I 
,, ,. 
I] 
20
-'-.....,.---,--,.,,o,-...,-,--,--,-'-,-,-.-- ,-.-.-....,., a,_..,.l-,-2-0 -,--,-2-;~-,-.-.-- ,-.-.--, ,-,--l- O_I_;-.~- , , 
ll I~ 17 i• 21 2 3 2S 27 2• JI l~ 
sessions 
186 
VITA 
Earl E. Griffith 
EARLE. GRIFFITH 
PERSONAL DATA 
Place of Birth: 
Date of Birth: 
.Marital Status: 
VITA 
Brownstown, Pennsylvania 
May 21, 1952 
Single 
CurD2nt Business Address: Psychology Deparbnent 
Business Telephone: 
Home Phone: 
Utah State University, l.JMC 28 
1.Dgan, Utah 84322 
801 - 752-4100, extension 7253 
801 - 752-8462 or 717 - 656-6795 
EDUCATIONAL BACKGROUND 
Ph.D. - Utah State University, Analysis of Behavior 
planned completion date: June 1, 1979 
Dissertation: "Biofeedback: A Substitute for Smoking." 
Data was collected at Utah State University, 
Exceptional Child Center. 
187 
M.A. - Middle Tennessee State University, Clinical Psychology, 1975. 
Thesis - "Teacher Modification of Nonverbal Behavior Through 
the Reinforcement of Related Verbal Behavior: A 
Single Subject Experiment." 
B.S. - Middle Tennessee State University. Major - Psychology, 
M:inor - English, Sociology, 1974. 
A.S. - Cumberland Junior College, Lebanson, Tennessee. Major - Biology, 
1972. 
EMPLOYMENT AND EXPERIENCES 
1973-1974 Middle Tennessee State University, Research Assistant to 
Dr. Jack Schnelle, (Behavior modification with children). 
188 
1974-1975 Research Coordinator, Behavior Intervention Team Program, 
Rutherford County Guidance Center, Murfeesboro, TN. 
(Behavior modification in the natural environment). 
1974-1975 Specialized training, Child Intervention Program, White Ave., 
Nashville, TN. Under Dr. Linda McClean (Shaping techniques 
used in working with autistic behavior). 
1976-1977 Clinical Practicum Internship at the Exceptional Child Center, 
Utah State University. Experiences included serving as 
intake coordinator of multidisciplinary team, diagnostic 
assessment, educational programming, behavior management 
programming, parent/child counseling, principal/teacher 
consulting, assessment and treatment techniques. Under 
Phyllis Cole and Dr. Sebastian Striefel. 
1977-1978 Biofeedback Research Coordinator at the Exceptional Child 
Center, Utah State University. Experiences included grant 
writing, consul tat ion of experimental design paradigms, use 
of EEG, EMG, blood pressure, skin temperature biofeedback 
training with a variety of clinical problems in both retarded 
and non-retarded individuals, and supervision of graduate and 
undergraduate students in using biofeedback training 
procedures. 
June, 1977-July, 1978 Staff Psychologist at the Exceptional Child 
Center, Utah State University. Experiences including serving 
as intake supervisor and coordinator of rrultidisciplinary 
team, diagnostic assessment, educational programming, 
behavior management programming, parent/child counseling, 
principal/teacher consulting, assessment and treatment 
techniques. Under Dr. Phyllis Cole, and Dr. Sebastian 
Striefe l. 
December, 1978-June, 1979 Assistant Coordinator of the Achievement 
Place Program, Psychology Deparbnent, Utah State University. 
Experiences include the training of Teaching-Parents, con-
ducting workshops, psychological consulting for group 
homes, providing group and individual therapy to adolescents, 
and dealing with public relations. 
GUEST SPEAKER 
Autistic Behavior and a Behavior t1odification Approach to Treatment. 
Presented to M3.plewood High School, M3.plewood Lane, Nashville, 
TN. Under request of Mr. Edward Adelman, Principal. 
Biofeedback:: Its Uses in Gaining Self-Stress Control of Physiological 
Parameters. Presented to undergraduate psychology students at 
Utah State University. Under request of Mrs. Helen Tucker, 
Professor. 
PUBLICATIONS 
Griffith, Earl E., Schnelle, J., McNees, P., Bis singer, C., and 
Huff, T. "Elective mutism in a first grader: The 
remediation of a complex behavior problem." The Journal 
of AbnonIBl Child Psychology, 1975, 230-238. 
PAPERS PRESENTED 
189 
Griffith, E., Kosloski, K., Schnelle, J. The efficacy of a self-
recording behavior technique in increasing reading speed and 
comprehension. Reviewed by Journal of Psychological Reports. 
Schnelle, J., Griffith, E., Huff, T., McNees, P., and Thanas, M. 
Paraprofessionals as behavior change ITDnitors and analysis 
of community mental heal th outpatients. Reviewed by Journal 
of Mental Health Technology. 
Griffith, E., and Schnelle, J. In cre asing appropriate eating behavior 
by decreasing self-stimulation in autistic chj.ldren. 
Reviewed by Journal of Autism and Childhood Schizophrenia. 
Griffith, E. Teacher modification of nonverbal behavior through the 
reinforcement of related verbal behavior: A single subject 
experiment. (Accepted for presentation at the Tenth Annual 
Colloquim in Psychology, Jv!ay 3, 1975, at Vruhlenberg Colle ge, 
Allentown, Pa. 
Griffith, E., and Crossman, E. Biofeedback: A substitute for smoking. 
Presented at Rocky Mountain Psychological Association 
Convention, Thursday, April 6, 1978, Denver, Colorado. 
WORKING PAPERS 
Biofeedback: A Substitute for Smoking 
E.M.G. Training: A Biofeedback Approach to Treating Hyperactivity 
GRANT WRITING 
Biofeedback: A Substitute for Smoking. Funded by the Utah Lung 
Association, November, 1977 to June, 1978. 
190 
GRANT SUPPORT (team member of the following grant): 
Controlling Hyperactivity in Children Through Relaxation Training. 
Dr. Sebastian Striefel, Principle Investigator, Exceptional 
Child Center, Utah State University, 1977-1978. 
CONSULTING POSITIONS 
1978 Identification of emotionally disturbed, intervention 
strategies, manual development, in-service for the 
Preston School District, Preston, Idaho. Responsible 
to Dr. Blair Hen:ierson. 
TEACHING EXPERIENCE 
1977 Behavior Modification, Psychology 372 
Utah State University 
Logan, Utah 
1978 Designing Programs to Work with the Emotionally Disturbed, 
Psy 690 
REFERENCES 
Utah State University 
Logan, Utah 
Marvin Fifield, Ph.D. 
Director, Exceptional Child Center 
Utah State University 
Logan, Utah 84322 
Glendon Casto, Ph.D. 
Associate Director 
Exceptional Child Center 
Utah State University, UMC 68 
Logan, Utah 84322 
Edward CrossJJB.n, Ph.D. 
Associate Professor 
Psychology Deparbnent 
Utah State University 
Logan, Utah 84322 
Phyllis Cole 
CCX)rdinator of Clinical Services 
Exceptional Child Center, UMC 68 
Utah State University 
Logan, Utah 84322 
Christa Peterson, Ph.D. 
Assistant Professor 
Psychology Department 
Utah State University 
Logan, Utah 84322 
Richard Baer, Ph.D. 
Exceptional Child Center, UMC 68 
Utah State University 
Logan, Utah 84322 
